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HERPETOLOGICAL  CORRELATIONS 
I.  CORRELATIONS  IN  HOMOGENEOUS  POPULATIONS 

Introduction 

The  problems  of  correlation  which  present  themselves  in  herpetology 
are  many  and  varied.  In  all  directions  there  are  attractive  vistas  suggesting 
interesting  questions  for  investigation — such  problems,  for  example,  as 
the  correlation  of  different  elements  of  scalation  with  body  size,  the  corre- 
lation between  the  numbers  of  ventrals  and  subcaudals,  between  rattle 
sequence-number  and  rattle  width  in  a species  of  rattlesnake,  or  between 
the  right  and  left  femoral  pores  of  a lizard.  The  possible  combinations  of 
these  variable  characters,  which  can  be  tested  in  pairs  for  a significant 
correlation  (or  its  absence),  are  very  great  in  number;  and  in  addition  we 
have  the  fields  of  partial  or  multiple  correlations  in  groups  of  related  char- 
acters. Furthermore  we  have  to  decide  whether  the  studies  shall  be  made  by 
families,  genera,  species,  or  of  territorially  concentrated,  homogeneous 
populations.  Altogether,  the  possibilities  are  so  numerous  that  we  can  do 
little  more,  in  a study  not  restricted  to  some  particular  problem  or  species, 
than  to  select  a few  random  pairs  of  characters  for  examination. 

In  the  furtherance  of  co-ordination  and  clarity,  I have  divided  this  study 
into  two  parts;  the  present  one  discusses  correlations  in  homogeneous  local- 
ized populations — that  is,  populations  which  are  geographically  so  re- 
stricted that  they  are  presumed  to  be  freely  interbreeding,  and  without 
regional  or  ecological  differentiation — while  later  I hope  to  offer  a second 
series  of  calculations  giving  some  statistics  of  more  inclusive  groups  of 
organisms. 

The  fact  of  the  existence  of  correlation  between  certain  characters  in 
example  populations  should  not  be  too  greatly  generalized.  Because  a 
significant  correlation  is  found  to  be  present  between,  let  us  say,  the 
numbers  of  ventrals  and  subcaudals  in  Crotalns  ruber  is  no  proof  that 
such  a correlation  is  universal;  and  even  if  it  be  demonstrated  in  several 
species  of  rattlesnakes  we  are  not  safe  in  assuming  its  presence  in  genera 
other  than  Crofalus.  Even  the  proof  of  a correlation  often  lacks  finality; 
instead,  we  can  only  determine  the  numerical  probability  that  a correlation 
evident  in  a sample  really  exists  in  the  population  which  the  sample  rep- 
resents. We  must  be  wary  of  both  accidental  and  spurious  correlations. 
Care  must  be  taken  to  guard  against  heterogeneity  or  stratified  samples, 
so  that  a correlation,  as  determined,  is  not  merely  a cumbersome  proof 
of  sexual  dimorphism  or  territorial  variation.  And  when  we  are  assured 
of  the  existence  of  a correlation  of  considerable  degree  between  certain 
pairs  of  characters  there  remains  the  all-important  problem  of  the  reason 
for  the  interrelationship  and,  particularly,  the  differentiation  between 
cause  and  effect.  Often  a correlation  between  two  factors  is  the  result 
of  a common  influence  upon  both  by  a third. 
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The  question  naturally  arises  as  to  the  value  of  correlation  studies,  aside 
from  the  usual  curiosity  an  investigator  feels  respecting  any  scientific  fact. 
One  practical  value  is  the  greater  insight  correlation  gives  into  the  char- 
acter and  extent  of  bilateral  asymmetry  in  an  organism.  While  an  R x 2 
table  will  afford  an  idea  of  the  extent  and  significance  of  asymmetry,  if 
there  be  any,  only  a correlation  table  and  a calculation  of  the  statistics 
of  correlation  will  fully  illustrate  the  interdependence  of  the  variation 
on  the  two  sides.  For  an  R x 2 table  only  shows  differences  in  summation 
— 'that  is,  by  class  totals,  and  thus  lends  itself  to  a study  of  means  and 
variances.  A correlation  table,  on  the  other  hand,  gives  a complete  picture 
of  the  extent  of  bilateral  divergence  in  each  separate  specimen;  for  we  may 
find  important  individual  unbalances  without  there  being  any  appreciable 
net  differences  between  the  means  or  dispersions  of  the  two  sides.  And 
even  to  determine  the  significance  of  the  differences  (if  any  be  present) 
between  the  means  or  dispersions,  we  must  calculate  the  correlation  coef- 
ficient— since  it  is  involved  in  the  necessary  formulas — unless  the  more 
cumbersome  method  of  paired  differences  be  employed. 

Secondly,  in  evaluating  differences  based  on  the  summation  of  groups 
of  characters,  one  should  naturally  give  greater  weight  to  such  differences 
if  exemplified  by  several  independent  characters,  than  to  the  same  number 
of  correlated  characters.  For  example,  if  a difference  between  two  snakes 
be  demonstrated  in  one  character,  a corresponding  difference  might  well 
be  expected  in  a second  correlated  character;  and  the  weight  given  this 
second  character  should  be  less  than  that  given  a second  independent  char- 
acter. This  is  important  in  determining  the  phylogenetic  position  of  an 
intermediate  species  or  subspecies  in  its  relationship  to  two  others.^  This 
type  of  investigation  may  occasionally  provide  clues  to  multiple-factor 
inheritance.  Correlation  studies  will  indicate  how  closely  the  value  of  one 
\ariate  may  be  calculated  from  another,  for  this  is  inherent  in  the  cor- 
relation procedure. 

The  preparation  of  correlation  tables  will  usually  cause  aberrant  or 
freak  specimens  to  stand  out  sharply;  by  this  means  mistakes  in  counting, 
sexing,  or  recording,  and  even  misidentifications  will  often  be  disclosed. 
Also,  a study  of  correlations  will  sometimes  permit  a combination  of  key 
characters  in  such  a way  as  to  cause  an  accurate  determination  in  a higher 
proportion  of  the  specimens  being  keyed  than  by  the  use  of  single  char- 
acters separately.  Such  a combination  of  characters  has  been  called  a "sum- 
nration  of  characters”  by  Van  Denburgh  (1920,  p.  5)  or  a "character 
index”  by  Ffubbs  and  Whitlock  (1929,  p.  470.  See  also  Ffubbs,  Ffubbs 
and  Johnson,  1943,  p.  4). 

Lastly,  correlations  may  be  of  interest  in  studies  of  dines,  or  territorial 
or  ecological  variations.  Thus,  if  pairs  of  characters  are  found  to  be  with- 
out correlation  in  homogeneous  local  populations,  but  correlation  be  evi- 
dent in  samples  representative  of  more  widely  distributed  populations, 

' Klauber,  1943b,  p.  61. 
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we  have  an  indication  that  such  variations  are  more  the  result  of  external 
pressures  than  of  a mere  selective  sieving  of  variations  already  existing  in 
the  population. 

Thus,  correlation  studies  may  prove  important  in  phylogeny  and  genetics 
— in  the  study  of  geographical  variation  and  the  inheritance  of  characters. 

Methods 

The  quantitative  measure  of  the  degree  of  correlation  between  a pair 
of  characters,  that  is,  the  correlation  coefficient  r,  and  the  method  of  its 
determination  will  be  found  discussed  in  all  statistical  texts.-  Primarily  it 
constitutes  a measure  of  the  extent  to  which  one  variable  is  linked  with, 
or  follows  the  fluctuations  of,  another.  The  calculations  required,  although 
tedious,  may  be  co-ordinated,  and  the  possibility  of  error  reduced,  by  the 
use  of  standardized  printed  forms,  and  these  I have  employed,  both  for 
raw-score  computations,  where  the  samples  were  small,  and  for  correlation 
tables,  where  more  specimens  were  available  and  grouping  became  neces- 
sary. In  determining  the  significance  of  r,  I have  used  the  customary 
formula:  f — r[  (N  — 2)  / (I  — r~)  which,  being  equally  applicable  to 
■'Small  or  large  samples,  has  placed  the  calculations  on  a uniform  basis.*’ 
This  tests  the  probability,  P,  that  r is  zero  in  the  population  which  the 
available  sample  represents.  However,  Fisher’s  z- transformation  has  been 
used  to  find  the  significance  of  the  difference  between  any  two  correlation 
coefficients,  when  such  a computation  has  been  required.  It  was  also  em- 
ployed when  correlation  coefficients  were  to  be  combined,  as  well  as  in 
the  computation  of  confidence  limits.'*  To  avoid  the  necessity  of  frequent 
interpolations  in  the  /-tables,  curves  were  prepared  giving  the  probability 
of  the  significance,  P,  to  an  accuracy  of  three  figures,  for  any  value  of  t 
up  to  15,  with  degrees  of  freedom  from  1 to  30,  and  by  larger  steps  to  120. 
In  calculating  variances  and  covariances,  Sheppard’s  correction  was  usually 
not  necessary,  since  most  of  the  variates  considered  in  these  studies  take 
only  integral  values;  however,  the  correction  has  been  used  in  the  case  of 
a broad  grouping. Certain  equations  using  the  relationships  between  the 
correlation  coefficients  and  the  standard  deviations  of  sums  or  differences 
may  occasionally  be  employed  to  advantage  in  the  place  of  correlation 
tables.  These  equations  have  been  listed  in  connection  with  a study  of 


“ For  example:  Fisher,  p.  168;  Simpson  and  Roe,  p.  222;  Croxton  and  Cowden,  p.  611; 
Arkin  and  Colton,  p.  74.  The  quantity  r-,  called  the  coefficient  of  determination,  rep- 
resents the  proportion  of  the  total  variance  of  the  dependent  character  which  is  accounted 
for  by  the  variation  of  the  independent  character:  Ezekiel,  p.  139;  Croxton  and  Cow- 
den, p.  660. 

Simpson  and  Roe,  p.  23  5 ; Kenney,  Vol.  II,  p.  157;  Eaten,  p.  279;  Treloar,  p.  162. 

Fisher,  p.  202;  Simpson  and  Roe,  p.  242;  Croxton  and  Cowden,  p.  683;  Tippett,  p.  175. 
The  older  method  of  indicating  the  probable  or  standard  error  of  r as  a measure  of  its 
significance  is  no  longer  to  be  considered  satisfactory  except  under  rather  specialized 
circumstances.  Hagood,  p.  621. 

Yule  and  Kendall,  p.  221;  Peters  and  Van  Voorhis,  pp.  100,  397. 
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body  and  tail  lengths  of  snakes.*’  In  the  same  paper  (p.  9)  will  be  found 
a brief  discussion  of  spurious  correlation,  an  effect  which  must  be  avoided 
in  determining  the  correlation  between  two  variates,  one  of  which  is  a 
part  of  the  other,  as,  for  example,  the  tails  of  a series  of  snakes  and  their 
lengths  over-all. 

In  the  determinations  which  I have  made,  it  is  realized  that  not  all 
the  variates  are  normally  distributed  nor  the  relationships  linear.  To  this 
extent  r may  not  always  be  an  entirely  adequate  or  proper  measure  of  the 
relationship.  However,  as  has  been  shown, ^ most  of  the  variates  of  lepi- 
dosis  in  snakes  approach  normality  in  distribution,  and  under  such  cir- 
cumstances r constitutes  a satisfactory  practical  measure.^  Where  possible, 
the  number  of  categories,  grouping,  etc.,  have  been  made  to  conform  to 
the  recommendations  in  recent  statistical  texts.**  Occasionally  the  constants 
of  the  regression  equation  have  been  given  as  a further  indication  of  the 
nature  of  the  relationships. 

In  a paper  such  as  this,  it  is  impossible,  for  reasons  of  space  limitation, 
to  present  the  original  data  from  which  the  correlation  coefficients  were 
computed,  since  every  pair  of  characters  would  require  a separate  table  for 
each  subspecies  tested.  Besides,  such  data  lack  sufficient  permanent  value 
to  warrant  publication.  However,  in  the  discussion  which  follows,  I shall 
occasionally  include  the  basic  tables  in  order  to  supply  a graphic  illustra- 
tion of  some  particular  type  of  relationship,  more  illuminating  than  that 
entailed  in  a mere  statement  of  the  coefficient  of  correlation.  As  examples 
of  the  character  of  original  data  which  form  the  basis  of  correlation  calcu- 
lations, Tables  1 and  2 are  presented,  the  first  setting  forth  a relationship 
in  which  a considerable  degree  of  correlation  is  evident  (r=+  0.57);  the 
second,  one  in  which  there  is  virtually  none  (r  = — 0.06). 

Reference  to  the  specimens  in  Table  1 as  the  "San  Patricio”  series  of 
Crofahis  cinereous  relates  to  the  locality  in  Texas  where  they  were  col- 
lected. This  and  other  series  of  specimens,  such  as  the  Platteville  and  Pierre 
series  of  Crotahis  viridh  viridh,  which  have  been  employed  in  previous 
studies,  will  be  found  described  elsewhere.^**  Similar  territorial  designations 
for  other  collections  of  specimens  will  be  used  throughout  the  present 
discussion. 

The  fundamental  difference  between  Tables  1 and  2 lies  in  the  tendency, 
evident  in  Table  1 (which  shows  the  relationship  between  the  labials  on 
the  opposite  sides  of  the  head  in  a series  of  Crotalm  cinereous) , of  the  vari- 
ates to  cluster  along  a diagonal  line.  For  it  will  be  observed  that  higher 

Klauber,  1943a,  p.  7. 

' Klauber,  1941,  p.  7. 

^ Kenney,  Vol.  II,  p.  160;  Treloar,  pp.  104,  1 5 2. 

**  Treloar,  p.  103;  Peters  and  Van  Voorhis,  p.  100;  Yule  and  Kendall,  p.  449. 

San  Diego  Society  of  Natural  History,  Occ.  Pap.  No.  1,  p.  2,  1936. 
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TABLE  1 


San  Patricio  Series  of  Crofalus  cinereous-. 
Correlation  between  the  Sum  of  the  Labials  on  the  Right 
and  Left  Sides  of  the  Head 


Labials 
on  the 
Left 

29 

30 

31 

32 

33 

34 
3 3 
36 

Total 


29 

1 


3 0 
2 
2 
5 
5 


31 

1 

4 

8 

9 

3 

4 


3 2 
2 
4 
9 
19 
3 
6 
1 


Labials  on  the  Right 
33 


14 


29  46 


3 

8 

9 

3 

1 

24 


34 


6 

3 

1 

1 1 


3 5 


2 

2 


4 


36 


Total 

6 

16 

26 

42 

27 

18 

3 

1 

139 


Calculated  coefficient  of  correlation,  r = + 0.37. 


Non.: — The  figures  in  the  body  of  this  and  subsequent  tables  represent  the  number  of 
specimens  falling  within  each  classification.  For  example,  there  are  19  snakes  with 
32  labials  on  the  right  and  32  on  the  left;  5 with  32  on  the  right  and  33  on  the  left,  etc. 


TABLE  2 

San  Diego  County  Series  of  Crotahis  ruber-. 
Correlation  of  Minimum  Scales  between  the  Supraoculars 
with  the  Infralabials  on  the  Left  Side  of  the  Head 


Infralabials 
on  the 

Scales 

bet 

ween  the  Supraocul 

lars 

Left 

4 

5 

6 

7 

8 

9 

Total 

13 

1 

1 

16 

6 

3 

4 

6 

19 

17 

1 

9 

29 

27 

12 

78 

18 

1 

13 

33 

30 

14 

1 

94 

19 

1 

4 

18 

10 

1 

34 

20 

4 

3 

9 

21 

1 

1 

Total 

•> 

.1 

33 

90 

76 

3 3 

1 

236 

Calculated  coefficient  of  correlation,  r = — 0.06. 

values  of  the  labials  on  the  right  side  of  the  head  tend  to  match  with 
higher  values  on  the  left,  and  correspondingly  the  lower  values  also 
match.  This,  of  course,  is  what  is  meant  by  correlation.  On  the  other  hand, 
in  Table  2,  while  variations  of  the  same  type  are  evident  in  each  char- 
acter separately,  no  co-ordination  seems  present;  the  variations  appear 
quite  independent  of  each  other  and  the  spread  is  circular,  instead  of 
grouping  about  a diagonal. 
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The  coeflicient  of  correlation  r is  so  devised  that  it  can  take  values  only 
from  T 1 (perfect  positive  correlation)  through  zero  to  — 1 (perfect  nega- 
tive correlation).  A negative  correlation  indicates  that  higher  values  of 
one  variable  tend  to  match  with  lower  values  of  the  other. 

Throughout  the  present  paper  1 shall  consider  the  correlation  coelh- 
cient,  as  determined  from  the  sample,  virtually  as  if  it  were  a population 
parameter.  Such  is  not  really  the  case;  however,  as  most  of  the  samples 
studied  are  relatively  large,  usually  with  N greater  than  100,  the  optimum 
estimate  of  the  population  value  of  r differs  only  in  minor  amount  from 
the  value  of  r in  the  sample.  Table  3 shows  the  differences  between  the 
two  at  N = 50  and  N = 100,  for  various  values  of  the  sample  r,  as  deduced 
from  Fisher’s  formula,  cited  by  Peters  and  Van  Voorhis  (p.  153).  It  will 
be  seen  that,  when  N exceeds  5 0,  the  difference  between  the  sample  sta- 
tistic and  the  estimated  population  parameter  is  negligible  from  a practical 
standpoint,  being  quite  overshadowed  by  other  uncertainties  and  assump- 
tions. 

TABLE  3 


Relationship  Between  a Sample  r 
and  the  Optimum  Estimate  of  the  Population  r 


Sample  r 

Pop 

ulation  r 

= 50 

=r  100 

0.100 

0.099 

0.100 

0.200 

0.198 

0.199 

0.300 

0.297 

0.299 

0.400 

0.397 

0.399 

0.5  00 

0.496 

0.498 

0.600 

0.596 

0.598 

0.700 

0.696 

0.698 

0.800 

0.797 

0.799 

0.900 

0.898 

0.899 

her  in  the  sample, 

not  the 

population. 

Of  greater  importance  than  these  slight  differences  between  the  sample 
r and  the  population  optimum  estimate,  are  the  confidence  limits  of  the 
population  parameter.  The  value  of  P,  which  appears  in  the  tables  through- 
out this  discussion,  as  calculated  in  each  case  by  a /-test,  states  the  proba- 
bility that  the  population  correlation  is  not  zero,  or,  in  other  words,  that 
correlation  is  really  present;  but,  beyond  giving  the  value  of  r,  for  the 
sample,  it  does  not  define  the  probable  extent  of  the  population  correla- 
tion, which  is  best  stated  in  terms  of  confidence  limits.  In  the  present 
study,  where  the  existence  of  fairly  high  and  important  correlations  are 
indicated  by  the  sample,  the  9 5 per  cent  (occasionally  99  per  cent)  confi- 
dence limits,  as  deduced  by  using  Fisher’s  z-transformation,  will  be  given. 
These  limits  are  those  which,  in  9 5 cases  (or  99)  out  of  100,  may  be 
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expected  to  contain  the  true  (but  unknown)  population  parameter.  The 
effects  of  sample  size  and  confidence  percentages  on  the  confidence  limits 
are  indicated  by  the  example  ranges  set  forth  in  Table  4. 


Sample  r 

0.100 

0.200 

0.300 

0.400 

0.500 

0.600 

0.700 

0.800 

0.900 


TABLE  4 

Example  Confidence  Limits 


95  per  cent 

jV=50  A^=100 

0.098 — 0.291 


99  per  cent 


.V  5 0 


N =100 


0.101 — 0.368 
0.083 — 0.453 
0.024 — 0.534 
0.137 — 0.610 
0.257—0.683 
0.386 — 0.753 
0.524 — 0.819 
0.671 — 0.882 
0.829 — 0.942 


0.004 — 0.381 
0.110 — 0.469 
0.221 — 0.5  53 
0.337—0.634 
0.457 — 0.712 
0.584 — 0.788 
0.716 — 0.861 
0.8  5 5 — 0.932 


- 0.269 — 0.443 

- 0.171 — 0.522 

- 0.066 — 0.595 
0.048 — 0.664 
0.172 — 0.728 
0.305 — 0.789 
0.456—0.846 
0.619—0.900 
0.799—0.952 


- 0.160—0.347 

- 0.059—0.434 
0.048 — 0.516 
0.161—0.595 
0.280—0.670 
0.407—0.742 
0.541—0.811 
0.684 — 0.877 
0.837 — 0.939 


Where  N is  relatively  high  (say  above  100)  and  r is  not  high  (say  below 
0.8),  it  may  be  sufficiently  accurate  to  use  as  the  standard  error  of  r,  the 
formula  ( 1 - r“)  ' (N  - 2)  y-  and  assume  the  distribution  to  be  normal. 
For  example,  with  A^=100  and  r — 0.5  the  95  per  cent  confidence  limits, 
by  Fisher’s  method,  are  0.3  3 7 to  0.634;  by  the  test  involved  in  the  ratio 
of  r to  its  standard  error,  computed  from  this  approximate  formula,  the 
limits  are  0.3  51  to  0.649.  At  other  values  of  r (with  the  same  N and 
confidence  limits)  the  comparisons  are  as  follows:  r = 0.2;  exact  method, 
0.004  to  0.381;  approximation,  0.010  to  0.390:  r=0.8;  exact  method, 
0.716  to  0.861;  approximation,  0.729  to  0.871.  It  will  be  observed  that 
the  approximate  values,  where  N is  100  or  more,  give  a rather  good  idea 
of  the  confidence  range. 

The  use  of  the  word  "error”,  in  connection  with  such  terms  as  "stand- 
ard error”  or  "probable  error”,  should  not  be  confused  with  the  synonym 
"mistake”  by  those  unaccustomed  to  statistical  terms.  The  standard  error 
is  merely  the  standard  deviation  of  a sampling  statistic;  in  other  words, 
a measure  of  dispersion.  But  this  has  nothing  to  do  with  errors  of  counting 
or  recording,  which  are  true  mistakes.  The  latter  do  creep  in,  even  in  the 
most  careful  work.  Fortunately,  their  effects  are  likely  to  be  unimportant 
— except  when  stating  the  over-all  range  of  a variate — if  samples  are  large, 
provided  the  source  of  the  error  (mistake)  is  such  as  to  produce  random, 
rather  than  directionally  biased,  deviations.  Sometimes  differences  in  counts 
result  from  differences  in  interpretation  rather  than  mistakes  in  counting. 
In  any  case  the  herpetological  worker  must  recognize  the  existence  of  these 
mistakes;  he  has  only  to  check  the  counts  published  by  some  previous 
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investigator,  working  with  the  same  material  he  is  now  using,  to  hnd  some 
that  differ  from  his  own.  In  making  this  comment  I am  not  in  any  way 
exempting  my  own  scale-count  records;  I know  they  contain  their  full 
share  of  mistakes. 

Character  Definition 

One  of  the  difficulties  in  the  study  of  quantitative  herpetology  is  the  lack 
of  standardization  in  definitions.  For  example,  how  does  one  decide  where 
ventrals  stop  and  gulars  begin;  shall  certain  head  scales  be  called  preoculars 
or  loreals;  how  are  the  first  and  second  temporals  defined;  how  does  one 
segregate  postoculars  from  suboculars?  These  and  many  similar  uncertain- 
ties will  readily  occur  to  anyone  having  had  experience  in  making  extensive 
series  of  scale  counts.  It  is  true  that  many  of  these  terms  will  be  found 
defined  by  illustrations  in  various  herpetological  papers;  but  most  of  such 
illustrations,  for  the  sake  of  clarity,  are  drawn  to  show  simple  situations 
in  which  these  puzzling  questions  of  allocation  do  not  arise.  What  is  needed 
is  a decision  respecting  border-line  cases,  made  by  some  authoritative  com- 
mittee. 

Failing  in  the  availability  of  such  decisions,  it  is  important  that  the 
quantitative  herpetologist  lay  down  his  own  rules,  in  order  that  there  w ill 
be  consistency  in  his  results.  This  involves  a set  of  definitions.  And  he  must 
also  guard  against  differences  in  counts  which  might  be  the  result  of  biased 
methods,  such  as  viewing  the  sides  of  the  head  of  a snake  from  different 
relative  positions.  This  is  especially  necessary  in  counting  the  infralabials, 
which,  being  usually  obscured  by  the  overhang  of  the  supralabials,  often 
leave  doubt  as  to  whether  certain  scales  at  the  commissure  should  or  should 
not  be  included.  A continuous  bilateral  error  may  be  introduced  if  the  two 
sides  are  viewed  from  different  angles. 

In  the  present  survey  I have  considered  a wdde  variety  of  characters  in 
the  hunt  for  examples  of  interdependent  variation.  While  many  are  char- 
acters long  standard  in  herpetological  studies,  others  have  been  less  often 
used.  The  search  for  new  and  different  criteria,  wherewith  to  distinguish 
species  or  races,  is  by  no  means  a frivolous  one,  for  they  may  tend  to  vali- 
date differences  of  major  importance  previously  concealed  by  superficial 
resemblances  and  the  coincidence  of  the  better  known  characters.  If  such 
new  differences  are  significant  they  are  of  distinct  value,  for  the  significance 
test  itself  involves  the  criterion  of  narrowness  of  dispersion  and  therefore 
of  stability.  Fiowever,  in  developing  new  differences,  the  certainty  with 
which  they  may  be  defined  is  of  importance,  so  that  separate  observers 
would  agree  upon  interpretation,  counts,  or  measurements.  Permanence  is 
another  important  feature;  in  the  reptiles  this  seriously  interferes  with 
quantitative  color  measurements,  such  as  are  used  in  bird  and  mammal 
studies. 

The  more  the  scales  on  a snake’s  head  are  broken  up  into  recognizable 
series,  the  more  characters  there  are  to  investigate,  not  only  with  respect 
to  counts,  but  also  intersections,  contacts,  and  suture  proportions.  In  snakes 
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such  as  the  rattlers,  whose  heads  are  largely  sheathed  with  small  scales,  we 
have,  besides  the  better  known  series  such  as  the  labials,  internasals,  loreals, 
oculars,  canthals,  etc.,  such  groups  as  the  scales  contacting  the  rostral,  the 
scales  bordering  the  genials,  the  minimum  scales  between  the  supraoculars, 
the  scales  contacting  the  supraoculars  from  the  postcanthal  to  the  post- 
ocular, the  scales  bordering  the  pit,  the  scales  between  the  pit  and  the 
supralabials  and  nasals,  the  number  of  gulars  between  the  genials  and  the 
first  ventral,  and  the  number  of  gulars  in  the  row  between  the  last  infra- 
labial and  the  opposite  ventral.  And  to  whatever  extent  it  may  be  shown 
that  these  scale  groups  are  uncorrelated  with  each  other,  so  they  are  less 
likely  to  vary  m the  same  direction  in  different  species  or  subspecies,  and 
are  thus  the  more  likely  to  serve  as  independent  difference  indicators.  Some 
species  develop  an  especial  variability  in  certain  scale  groups  without  corre- 
sponding trends  in  others,  as,  for  example,  the  internasals  in  C.  viridis;  the 
scales  before  the  pit  in  C.  cxsul,  and,  to  a lesser  extent,  in  C.  rithcr;  and 
the  scales  around  the  rostral  in  C.  mifchcUii. 

Most  colubrids  are  not  so  well-supplied  with  variables  as  the  rattlers, 
especially  on  the  head;  however,  when  taken  in  pairs  for  correlation  studies, 
even  the  simplest  afford  a considerable  field  for  investigation.  As  for  the 
lizards,  they  far  exceed  any  snakes  in  countable  variables,  and  when  these 
characters  are  taken  in  pairs  for  correlation  studies,  the  possible  combina- 
tions are  very  great  indeed.  As  the  scale  counts  which  I have  accumulated 
are  largely  those  of  snakes,  the  lizard  studies  have  been  restricted  to  a few 
examples. 

Bilateral  Correlation 

The  most  elementary  case  of  correlation  is  that  involving  a study  of 
the  nature  of  the  concomitant  variation  of  any  countable  or  measurable 
character  which  exists  separately  on  the  two  sides  of  the  body,  that  is,  a 
determination  of  the  extent  of  bilateral  asymmetry. 

In  the  simplest  cases  we  have  a bilateral  variant  which  can  only  assume 
one  of  two  values,  or  be  present  or  absent.  In  such  instances  the  result  may 
be  given  in  terms  of  the  tetrachoric  coefficient  of  correlation.  For  example, 
Table  5 sets  forth  the  results  of  a study  of  the  presence  of  divided  first 
infralabials  in  two  series  of  rattlesnakes. 

Thus,  we  see  in  these  two  cases  that  the  lateral  correlation  is  quite  high; 
there  are  relatively  few  specimens  in  which  the  condition  on  one  side  of 
the  head  fails  to  match  that  on  the  other. 

Another  variable  character  of  the  same  nature  is  involved  in  the  contact, 
or  lack  of  contact,  between  the  postnasal  and  upper  preocular  in  certain 
rattlesnakes.  In  a series  of  Crotahis  cinereous  from  Texas,  out  of  268  speci- 
mens, 108  show  no  contact,  for  either  the  postcanthal  meets  the  loreal, 
or  an  upper  loreal  is  interposed.  In  140  specimens  the  postnasal  does  contact 
the  upper  preocular.  Of  the  non-symmetrical  specimens  totaling  20, 
8 have  the  contact  on  the  right  but  not  on  the  left,  while  12  have  it  on 
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TABLE  5 

Correlation  in  the  Condition  of  the 
First  Infralabials  in  Two  Series  of  Rattlesnakes 

A.  Crofaliis  cinereous  from  Southeastern  California 

Right  Side 


Left  Side  Divided  Entire  Total 

Divided  15  6 21 

Entire  6 43  49 

Total  21  49  70 


= 0.82 

B.  Crotalus  ruber  from  San  Diego  County 

Right  Side 


Left  Side  Divided  Entire  Total 

Divided  347  3 3 50 

Entire  6 31  37 

Total  3 53  34  3 87 


r>  = 0.95  + 

Values  of  r were  determined  from  the  Chesire-Saffir-Thurston'e  computing  diagrams. 


the  left  but  not  on  the  right.  This  gives  a tetrachoric  correlation  of  over 
9 5 per  cent. 

In  Crotalus  ruber  some  individuals  have  a small  scale  contacting  the 
rostral  between  the  prenasal  and  the  first  supralabial.  Out  of  2 86  specimens 
from  San  Diego  County,  48  have  this  scale  on  both  sides,  16  on  the  right 
but  not  on  the  left,  9 on  the  left  only,  while  in  the  remaining  213  the 
scale  is  absent  on  both  sides.  The  tetrachoric  correlation  coefficient  in  this 
distribution  is  above  9 5 per  cent. 

Taking  a case  from  among  the  colubrids,  we  have  the  following  data 
on  the  preoculars  in  a series  of  195  specimens  of  Tbamnophis  o.  ordinoides 
from  northwestern  Oregon:  5 8 specimens  have  an  upper  preocular  present; 
108  have  none.  The  remaining  29  specimens  are  asymmetrical;  12  have  an 
extra  preocular  on  the  right  only,  while  17  have  it  only  on  the  left.  This 
gives  0.89  as  the  tetrachoric  correlation  coefficient.  As  an  example  among 
the  lizards  we  have  the  following:  In  159  specimens  of  Dipsosaiirus  dorsalis 
lucasensis  from  the  Cape  Region  of  Lower  California,  103  have  two  scale 
rows  between  the  rostral  and  nasal  on  both  sides;  3 8 have  one  row.  The 
other  18  are  asymmetrical;  7 have  two  rows  on  the  right  and  one  on  the 
left,  while  the  remaining  11  have  one  on  the  right  and  two  on  the  left. 
This  gives  a coefficient  of  0.92. 
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Thus,  we  learn  that  asymmetry  is  relatively  infrequent  in  these  example 
cases,  and  the  tetrachoric  correlation  is  uniformly  high.  If  there  were  no 
correlation  the  number  of  asymmetrical  cases  would  always  be  at  least 
twice  one  of  the  symmetrical  sets,  which  is  not  the  condition  in  any  of 
the  scries  tested,  the  unbalanced  pairs  being  always  greatly  in  the  minority. 
For  example,  take  the  case  of  the  extra  scale  touching  the  rostral  in  Crofalus 
nibcr.  In  this  instance  the  distribution  was  as  follows:  No  extra  scale,  213; 
one  extra  scale,  25;  extra  scales  on  both  sides,  48;  total,  286.  Assuming 
the  same  over-all  proportion  of  extra  scales  (21.2  per  cent)  and  a purely 
random  selection  (zero  correlation),  the  distribution  would  have  been  as 
follows:  No  extra  scale,  178;  one  extra  scale,  (asymmetrical)  95;  extra 
scales  on  both  sides,  13;  total,  as  before,  2 86.  It  will  be  observed  that  the 
asymmetrical  cases  have  grown  at  the  expense  of  the  other  two.  Or,  take 
as  another  example,  the  divided  first  infralabials  in  Crotahis  ruber.  The 
following  table  gives  the  distribution  as  actually  found  (from  Table  5, 
Section  B),  the  correlation  coefficient  being  over  95  per  cent,  and  as  the 
distribution  would  be  with  the  same  proportion  of  undivided  scales  (9.18 


per  cent),  but  with 

zero  correlation: 

Both  sides 
divided 

One  side 
divided,  the 
other  undivided 

Neither  side 
divided 

Total 

As  found  

347 

9 

31 

387 

Zero  correlation  

319 

65 

3 

387 

Thus,  it  is  shown  that  the  condition  of  one  side  greatly  affects  the  other; 
it  tends  to  match  with  it,  which  is  merely  another  definition  of  correlation. 

Variable  characters  which  can  take  only  one  of  two  values  on  either  side 
of  the  body,  or  are  present  or  absent,  are  not  plentiful.  Of  much  more 
frequent  occurrence  are  characters  which  can  assume  any  of  a number 
of  values.  These  lend  themselves  to  correlation  analysis  to  determine  the 
prevalence  of  asymmetry.  One  might  use  the  method  of  paired  differences 
to  determine  whether  there  is  a significant  difference  between  the  means 
of  the  sides,  but  a correlation  table  gives  a better  picture  of  concomitant 
variation — that  is,  whether  a count  on  one  side  tends  to  be  high  when 
the  count  on  the  other  is  high;  and  the  correlation  coefficient,  calculated 
from  the  table,  affords  a measure  of  bilateral  uniformity.  This  study  of 
bilateral  symmetry  is  a special  case  of  correlation,  the  more  general  case 
involving  the  investigation  of  concomitant  variation  in  two  different 
characters,  instead  of  the  same  character  on  opposite  sides  of  the  body. 

To  illustrate  the  character  of  interdependent  variations,  which  consti- 
tute the  raw  materials  for  the  study  of  bilateral  correlation,  three  typical 
cases  are  set  forth  in  Tables  6 to  8.  Two  of  these  represent  head  shields, 
the  other  body  rings. 
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TABLE  6 

Borcgo  Series  of  Phyllorhyiichus  deciirtatns  perkiiisi: 
Correlation  between  the  Loreal  Scales  on  the  Right 
and  Left  Sides  of  the  Head 


Right  Side 


Lett 

Side 

0 

1 

2 

3 

4 

5 Total 

0 

2 

2 

1 

19 

10 

29 

2 

11 

204 

21 

1 

237 

3 

2 

30 

41 

2 

75 

4 

1 

6 

4 

1 12 

5 

Total 

34 

245 

68 

7 

1 355 

Calculated  coefficient  of  correlation, 

r = +0.649 

TABLE  7 

Borego  Series  of  PhyUorhynchus  deciirtcttus  perki/isi: 
Correlation  between  the  Total  Scales  in  the  Ocular  Ring 
on  the  Right  and  Left  Sides  of  the  Head 

Right  Side 


Left 


Side 

3 6 

7 

8 

9 

Total 

5 

1 

1 

6 

2 

4 

1 

7 

7 

4 

72 

55 

3 

134 

8 

2 

52 

134 

5 

193 

9 

2 

6 

9 

17 

Total 

1 8 

130 

196 

17  • 

352 

Calcul 

ated  coefficient  of  correlation, 

r=  +0.425 
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TABLE  8 

San  Diego  County  Series  of  Lam  pro  pelf  is  getnhis  California’ 
(Pure  Ringed  Phase  Only)  : 

Correlation  between  the  Body  Rings  Counted  on  the  Right 
and  Left  Sides  of  the  Body 

Right  Side 


Left 


Side  21  22 

2 3 

24 

23 

26 

27 

28 

29  ; 

10 

31 

3 2 

Total 

23  1 

2 

2 

1 

6 

24 

1 

1 

4 

1 

7 

25  1 

1 

2 

2 

4 

3 

1 

14 

26 

3 

4 

1 

2 

1 

1 1 

27  . 

4 

4 

8 

1 

2 

19 

28 

1 

2 

2 

6 

6 

2 

3 

1 

23 

29  

1 

1 

4 

1 

1 

1 

9 

30  

1 

1 

2 

1 

5 

31  

1 

1 

3 2 

2 

1 

3 

3 3 

1 

1 

2 

Total  1 1 

4 

8 

15 

16 

19 

14 

9 

9 

2 

2 

100 

Calculated  coefficient 

of 

corr 

elation,  r ~ 

+ 0.686 

Using  Table  6 as 

an 

example. 

it  will  be 

noted 

how 

much 

more 

com- 

pletely  a correlation  table  indicates  the  character  of  bilateral  diversity  than 
does  an  R X 2 table,  involving  a mere  summation  of  totals,  such  as  the 
following  representing  the  same  data; 


Number  of 
Loreals 

Right  Side 

Left  Side 

0 

2 

1 

34 

29 

2 

245 

237 

3 

68 

75 

4 

7 

12 

5 

1 

Total 

355 

355 

Space  limitations  prevent  the  presentation  of  all  of  the  tables  used  in 
the  investigation  of  bilateral  correlation,  but  in  Table  9 there  are  set  forth 
the  results  of  calculations  involving  a variety  of  characters  and  species. 
These  have  been  selected  as  examples  of  characters  which  are  subjected  to 
sufficient  variation  so  that  a bilateral  unbalance  is  frequent  in  individual 
specimens. 
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With  respect  to  some  of  the  particular  characters  tested,  certain  explan- 
atory comments  are  pertinent.  Lateral  scale  rows  will  be  found  discussed 
in  Bull.  Zool.  Soc.  San  Diego,  No.  17,  p.  8;  in  the  present  instance  they 
have  been  counted  at  mid-body.  The  canthals  are  considered  to  be  the 
minimum  scales  between  the  internasals  and  supraoculars,  along  the  upper 
edge  of  the  canthus  rostralis.  The  scales  bordering  the  supraoculars  are 
counted  from  the  postcanthal  to  the  postocular,  but  without  including 
either.  Pre-  and  postoculars  do  not  vary  enough  in  most  snakes  to' warrant 
a study  of  correlation  so  that  suitable  examples  are  rare.  Where  the  supra- 
labials  do  not  contact  the  orbit  and  suboculars  are  present,  it  is  often 
difficult  to  segregate  pre-,  post-,  and  suboculars  in  a uniform  manner; 
in  such  cases  it  is  desirable  to  study  the  entire  ocular  ring,  concerning  which 
count  there  can  be  no  question.  The  scales  touching  the  parietals  are 
counted  from  the  mid-dorsal  line  to  the  postocular,  but  do  not  include  the 
latter.  The  temporals  often  fall  into  arrangements  which  render  allocations 
difficult,  hence  it  is  necessary  to  make  rather  arbitrary  rules  in  counting. 
The  scales  between  the  lip  and  ventrals  comprise  a line  of  gulars,  which 
begins  with  the  last  infralabial  and  ends  at  whatever  ventral  is  contacted, 
the  latter  not  being  counted. 

With  respect  to  bilateral  asymmetry  in  blotches  or  rings,  it  is  sometimes 
not  appreciated  how  often,  in  some  species,  they  are  broken  or  branched 
at  the  mid-dorsal  line,  so  that  the  counts  on  the  two  sides  of  the  body  differ. 
To  make  the  counts  objectively,  one  should  tally  each  side  from  a lateral 
view,  without  the  other  being  visible. 

All  basic  data  in  Table  9 are  from  original  sources,  except  the  costal 
counts  in  Le pidoc'belys  olivacea,  which  are  taken  from  Deraniyagala,  193  9, 
p.  137;  and  the  counts  of  the  femoral  pores  of  all  the  lizards  (except 
C.  t.  tessellatns)  which  were  kindly  supplied  me  by  Mr.  J.  R.  Slevin  of  the 
California  Academy  of  Sciences. 

It  will  be  seen  from  the  results  in  Table  9 that,  as  might  well  be 
expected,  the  correlations  are  always  positive  and  significant;  they  are 
relatively  high  but  far  from  perfect.  The  lowest  correlation  is  that  of  the 
scales  contacting  the  parietals  in  Lam propeltis  g.  Californian,  the  highest  in 
the  lateral  scale  rows  in  Crotaliis  v.  vivid  is.  There  is  no  question  as  to  the 
presence  of  a basic  tendency  toward  bilateral  uniformity,  as  evident  in 
every  one  of  these  diverse  characters.  The  over-all,  weighted-average  cor- 
relation of  all  pairs  of  characters  is  0.614,  with  95  per  cent  confidence 
limits  of  0.604  to  0.625.  In  making  this  computation  only  one  figure 
representing  scale  rows  (the  Platteville)  was  included.  I realize  that  these 
final  figures  result  from  combining  unlike  things,  but  nevertheless  they 
are  of  some  interest. 

Another  character  which  may  be  investigated  for  bilateral  symmetry 
is  the  incomplete  lateral  scale  rows  in  snakes,  measured  either  by  the  ratio 
of  the  length  of  the  suppressed  row  to  the  body  length,  or  by  the  serial 
number  of  the  ventral  scute  opposite  which  the  suppression  occurs. 
Dr.  James  A.  Oliver  has  kindly  supplied  me  with  the  data  on  the  incom- 
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plete  rows  of  13  male  Leptophis  diplotropis  from  Tehuantepec,  Oaxaca. 
These  snakes,  in  I'educing  from  15  to  11  rows,  combine  the  fifth  row  with 
the  sixth,  and  the  third  row  with  the  fourth.  I found  the  bilateral  correla- 
tion to  be  0.912  in  the  first  instance  and  0.910  in  the  second. 

Dr.  Henry  S.  Fitch  determined  the  lengths  of  lateral  scale  rows  in  garter 
snakes  as  percentages  of  total  head  and  body  length  (exclusive  of  tail). 
From  his  original  notes,  which  he  courteously  allowed  me  to  use,  I found 
the  following  bilateral  correlations  in  107  male  and  94  female  Thauiuophis 
o.  biscjifatus  from  the  immediate  vicinity  of  Klamath  Falls,  Oregon: 

Row  dropped  Male  Female 

Fourth  0.903  0.903 

Sixth  0.840  0.741 

The  low  figure  for  the  sixth  row  in  the  females  is  produced  in  part  by 
one  freak  specimen. 

Studies  of  these  and  other  series  indicate  an  increased  variability  in  length, 
and  a decreased  correlation,  the  shorter  the  suppressed  row.  In  a species  of 
snake  having  a row  which  is  absent  in  some  specimens  and  present  in  others, 
that  is,  approaching  total  elimination,  the  lengths  of  the  row,  when  present, 
on  the  two  sides  may  be  quite  different.  For  example,  in  T . o.  bisciitatus 
the  fifth  lateral  row  is  sometimes  present  and  sometimes  not.  An  investiga- 
tion of  2 5 male  specimens  having  this  row  present  on  both  sides,  at  least 
to  some  extent,  shows  a bilateral  correlation  of  0.739. 

Besides  the  correlation  table  and  the  calculation  of  the  coefficient  of 
correlation,  there  is  another  method  whereby  the  extent  of  bilateral  differ- 
ences in  these  characters  may  be  shown,  namely,  by  tabulating  the  number 
of  specimens  wherein  the  counts  on  the  two  sides  differ  by  0,  1,  2,  etc. 
Such  data  are  presented  in  Table  10  covering  some  of  the  characters  listed 
in  Table  9.  While  supplying  less  information  than  is  furnished  by  a com- 
plete correlation  table,  as  in  Tables  6 to  8,  such  a tabulation  docs  give  a 
good  summary  of  the  extent  of  bilateral  unbalance.  It  will  be  observed 
that,  as  might  be  expected,  the  differences  between  the  sides  are  likely  to 
be  higher  where  the  character  means  are  higher.  Relatively  large  differ- 
ences occur,  for  example,  in  the  body  rings  of  L.  g.  californicv  (M  = 26.91) 
and  the  femoral  pores  of  C.  t.  fessellahis  (M  = 21.22);  for  in  these  cases 
a difference  of  one  between  the  counts  of  the  two  sides  is  proportionately 
less  important  than  in  characters  wherein  the  count  on  each  side  is  smaller, 
as  is  the  case,  for  instance,  in  the  canthals  of  C.  v.  viriciis  (M  = 2.3  5)  or 
the  loreals  of  P.  d.  perkinsi  (M=  2.16).  In  the  latter  a difference  of  one 
between  the  sides  is  almost  half  the  mean,  while  in  the  cases  of  the  body 
rings  and  femoral  pores  it  is  less  than  10  per  cent.  Where  differences  of  one 
are  relatively  large,  proportionate  to  the  total  count,  the  specimens  with 
no  bilateral  unbalance  outnumber  those  which  are  asymmetrical;  but  where 
such  a difference  is  relatively  of  smaller  moment,  the  specimens  with  some 
unbalance  outnumber  those  which  are  evenly  matched  on  the  two  sides. 
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Femoral  pores  C.  /.  tessellatus Gila  Valley  21.22  49  75  23  6 1 154 

Costal  scutes  L.  olivacea  Ceylon  6.76  215  142  18  3 378 
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Correlation  in  Labials 

It  may  be  wondered  why  I have  left  until  the  last  the  most  obvious  of 
the  bilateral  correlations — that  between  labials.  For  no  one  who  has  tabu- 
lated the  scale  counts  of  large  numbers  of  snakes  can  have  failed  to  observe, 
in  many  species,  that  a deviation  from  the  mode  on  one  side  of  the  head 
is  likely  to  be  duplicated  on  the  other.  But  in  the  case  of  the  labials  we 
have  two  counts  on  either  side  of  the  head,  and  the  possibility  of  vertical 
as  well  as  horizontal  correlation  is  introduced;  that  is,  do  fewer  supra- 
labials  on  the  right  correspond  to  fewer  on  the  left,  and  likewise  to  fewer 
mfralabials  on  the  right?  Which  Is  the  stronger  tendency,  bilateral  or 
vertical  symmetry?  I have  assigned  the  investigation  of  these  questions  to 
a separate  section  to  avoid  confusion  with  other,  less  complicated  correla- 
tions; for  a different  method,  that  of  partial  correlation,  lends  itself  to  the 
solution  of  these  problems. 

The  rattlesnakes  afford  useful  material  for  the  investigation  of  the 
relative  magnitudes  of  lateral  and  vertical  correlations  in  labials,  since  there 
is  enough  valuation  in  these  scales,  even  within  a homogeneous  series,  to 
provide  a well  distributed  correlation  table. 

The  simplest  method  of  comparing  vertical  with  lateral  correlation  is  to 
compare  the  correlation  between  the  sum  of  the  supralabials  and  the  sum 
of  the  infralabials,  with  the  correlation  between  the  sum  of  the  labials  on 
the  right  hand  side  of  the  head  with  the  sum  of  those  on  the  left.  Table  1 1 
shows  the  results  of  such  studies  in  a number  of  homogeneous  series  of 
rattlers. 

For  examples  of  such  distributions  see  Bull.  Zool.  Soc.  San  Diego,  No.  17,  p.  17,  Table 
7,  1941. 

TABLE  11 

Labial  Correlations  in  Homogeneous  Series  of  Rattlesnakes 


Vertical  Correlation  Horizontal  Correlation 


Series 

N 

r 

P 

N 

r 

P 

Zacatecas  Jiigrescens  

92 

0.299 

0.004 

92 

0.421 

0.0001- 

San  Patricio  cinereous 

139 

0.310 

0.0002 

139 

0.566 

0.0001- 

San  Lucan  liicasensis 

289 

0.385 

0.0001- 

289 

0.394 

0.0001- 

Mojave  scutiilatns  

100 

0.477 

0.0001- 

100 

0.581 

0.0001- 

Platteville  viridis  

827 

0.429 

0.0001- 

827 

0.595 

0.0001- 

Pierre  viridis  

672 

0.401 

0.0001- 

672 

0.617 

0.0001- 

Bonesteel  viridis  

79 

0.525 

0.0001- 

79 

0.494 

0.0001- 

Timberlake  viridis  

96 

0.461 

0.0001- 

96 

0.654 

0.0001- 

Pateros  oreganus  

614 

0.458 

0.0001- 

614 

0.579 

0.0001- 

S.  D.-Imperial  laterorepens.. 

148 

0.370 

0.0001- 

148 

0.510 

0.0001- 

Arizona  klauberi  

109 

0.194 

0.109 

109 

0.422 

0.0001- 

Note: — By  vertical  correlation 

is  meant  the  cor 

relation  between 

the  sums 

of  the 

supra- 

labials  and  the  sums  of  the  infralabials,  while  horizontal  correlation  is  that  between  the 
sum  of  the  supra-  and  infralabials  on  one  side  of  the  head  and  the  corresponding  sum 
on  the  other. 
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It  will  be  observed  that  significant  correlations  are  found  in  all  cases 
except  one,  this  being  the  vertical  correlation  in  khiiiheri,  which  is  found 
somewhat  below  the  usually  accepted  level  of  significance.  In  all  except 
one  series  (Bonesteel  viridis)  the  horizontal  correlation  is  h gher  than  the 
vertical,  usually  considerably  higher. 

Using  Fisher’s  z-transformation  we  find  the  weighted  average  correla- 
tions of  the  four  liridis  series  to  be: 


W’rtical  Correlation 

Florizontal  Correlation 

N 

95  % confidence 
r 1 intits 

N 

r 

9 5 % confidence 
limits 

1674 

0.424  0.384  to  0.463 

1674 

0.605 

0.573  to  0.634 

The  difference  between  these  two  correlation  coefficients  is  highly 
significant  (P  much  below  0.0001 ) . 

The  weighted  average  correlation  coefficients  of  all  eleven  series  tested, 
totalling  3165  rattlesnakes,  is,  for  the  vertical  pairs,  0.411,  and  for  the 
horizontal,  0.5  6 5.  It  is  my  opinion  that  most  homogeneous  series  will 
approximate  these  degrees  of  correlation.  There  can  be  no  question  but 
there  is  a stronger  tendency  of  the  laterally  opposite  labials  to  vary  together 
than  of  the  labials  on  the  same  side  of  the  head  to  do  so. 

In  order  that  the  character  of  the  symmetry  indicated  by  these  figures 
may  be  visualized  there  are  set  forth  in  Tables  12  and  13  the  detailed 
tabulations  for  the  Pateros  series  of  C.  v.  oreganiis. 

Having  determined  these  relationships  between  the  sums  of  the  labials, 
the  question  naturally  arises  as  to  what  would  be  disclosed  by  treating 
each  set  of  labials  separately.  But  since  each  set  is  evidently  related,  at 
least  to  some  extent,  to  all  three  of  the  others,  we  must  determine  how 
each  pair  would  vary  if  the  other  two  remained  constant.  This  is  the 
method  of  partial  correlation,  the  formulas  for  which  will  be  found  avail- 
able in  any  statistical  text.^"  This  method  has  been  used  in  investigating 
the  labials  of  two  large  series  of  Crotaliis  v.  viridis,  the  Platteville  and 
Pierre,  with  the  results  set  forth  in  Table  15.  As  a matter  of  interest  the 
raw  data  for  the  Platteville  series  of  827  specimens  are  presented  in  Table 
14.  This  permits  one  to  visualize  the  differences  in  the  adherence  of  the 
variates  to  the  tabular  diagonals.  All  correlations  are,  as  expected,  positive. 
It  will  be  observed  that  the  closest  correlations  are  those  between  the 
supralabials  and  between  the  infralabials;  that  is,  the  horizontal  or  bilateral 
correlations. 


For  example,  see  Fisher,  p.  191;  Simpson  and  Roe,  p.  245;  Croxton  and  Cowden,  p.  739. 


Sum  of  the  Labials  on  the  Left  Sum  of  Infralabials 
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TABLE  12 


Pateros  Series  of  Crotalus  v.  oreganus: 
Correlation  between  Supralabials  and  Infralabials 


Sum  of  Supralabials 

26 

27 

28 

29 

30  31  32  33  34 

3 5 Total 

28  

, 1 

1 

2 

29  

1 

1 

5 

7 

1 

1 

16 

30  

2 

6 

17 

18 

5 

2 

50 

31  

3 

12 

21 

42 

18 

5 

1 

102 

32  

1 

11 

25 

56 

3 6 

28 

2 

159 

33  

6 

20 

40 

41 

32 

7 

2 

1 

149 

34  

1 

7 

26 

21 

20 

11 

2 

88 

35  

3 

5 

12 

12 

6 

38 

36  

2 

2 

4 

1 

9 

37  

1 

1 

Total 

...  2 

6 

37 

98 

194 

137 

101 

3 3 

4 

2 

614 

Calculated  coefficient  of  correlation,  r=  +0.4  5 8 


TABLE  13 

Pateros  Series  of  Crotalus  v.  oregauiis: 

Correlation  between  Labials  on  the  Right  and  Left  Sides  of  the  Head 


Sum  of  the  Labials  on  the  Right 


27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

Total 

27  

1 

1 

28  

. . 1 

1 

4 

2 

8 

29  

2 

7 

18 

10 

4 

1 

42 

30  

3 

16 

31 

38 

17 

3 

2 

110 

31 

2 

11 

37 

52 

40 

16 

6 

164 

32  

21 

49 

60 

21 

12 

1 

164 

33  

1 

20 

33 

23 

10 

1 

88 

34  

2 

4 

14 

4 

2 

26 

35 

1 

6 

3 

1 

11 

36  

0 

Total 

. 1 

8 

35 

112 

173 

159 

84 

37 

4 

1 

614 

Calculated  coefficient  of  correlation,  r=  +0.579 


These  judgments,  from  a visual  examination  of  the  raw  data  contained 
in  Table  14,  are  validated  by  the  calculated  correlations  as  shown  in 
Table  1 5. 


TABLE  14 

Platteville  Series  of  Crotakn  v.  viridis: 
Labial  Correlations 
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Total  4 38  304  348  118  14  1 7 50  237  371  138  21  3 7 55  229  321  161  49  5 827 
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TABLE  15 

Partial  Correlations  in  Labials  of  Crotalus  v.  virtdis: 

Platteville  Series  (827  Specimens)  and 
Pierre  Series  (672  Specimens) 


Unadjusted  Correlations  Adjusted  Correlations 


Platteville  Pierre 

Series 

Combined 

Platteville 

Pierre 

Series 

Combined 

Horizontal  Correlations 

Between  supralabials  

0.483 

0.498 

0.490 

0.404 

0.432 

0.417 

Between  infralabials  

0.454 

0.480 

0.466 

0.372 

0.410 

0.390 

Combined  labials  

0.469 

0.489 

0.478 

0.388 

0.422 

0.403 

Vertical  Correlations 

Right  side  

0.319 

0.268 

0.296 

0.144 

0.057 

0.105 

Left  side  

0.309 

0.307 

0.308 

0.133 

0.123 

0.128 

Sides  combined  

0.314 

0.288 

0.302 

0.139 

0.090 

0.117 

Diagonal  Correlations 

Right  supralabial  to 

Left  infralabial  

0.307 

0.279 

0.295 

0.121 

0.111 

0.117 

Left  supralabial  to 

Right  infralabial  

0.307 

0.337 

0.321 

0.121 

0.175 

0.145 

Diagonals  combined  

0.307 

0.308 

0.307 

0.121 

0.143 

0.131 

I have  not  entered  the 

results 

of  the  si 

gnificance  tests 

on  the  V 

alues  of 

r 

set  forth  in  Table  1 5 to  avoid  complicating  the  comparisons  of  the  correla- 
tions. All  values  are  found  highly  significant  (P  lower  than  .01)  except 
the  adjusted  vertical  correlation  on  the  right  side  of  the  Pierre  series,  in 
which  case  it  is  not  evident  that  the  value  found  (r=  0.0  57)  differs  signifi- 
cantly from  zero,  P being  0.139. 

The  results  of  these  investigations  agree  with  those  previously  derived 
(Table  11),  that  is,  a proof  that  bilateral  correlation  is  considerably  higher 
than  vertical.  While  the  vertical  correlation  is  higher  than  the  diagonal  in 
the  Platteville  series,  the  contrary  is  found  to  be  the  case  in  the  Pierre  series. 

The  final  partial  correlations  of  the  two  rattlesnake  series  taken  together 
to  produce  a weighted  average  result,  are  of  particular  interest.  With  their 
appropriate  95  per  cent  confidence  limits  they  are: 


9 5 per  cent 

N r confidence  limits 

Between  supralabials  1499  0.417  0.374  — 0.458 

Between  infralabials  1499  0.390  0.346  — 0.432 

Combined  horizontal  2998  0.403  0.373  — 0.433 

Vertical  2998  0.117  0.081  - 0.152 

Diagonal  2998  0.131  0.096  - 0.166 
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The  significances 
are  as  follows: 


of  the  differences  between  these  correlation  coefficients 


t P 

Between  the  supralabials  and  the  infralabials  0.88  0.3  8 

Between  the  conabined  horizontals  and  the  verticals  12.00  0.0001  — 

Between  the  combined  horizontals  and  the  diagonals  11.40  0.0001  — 

Between  the  verticals  and  the  diagonals  0.5  5 0.5  8 


We  see  that  the  horizontal  correlations — supralabials  and  infralabials — 
do  not  differ  significantly  from  each  other,  but  do  differ  very  significantly 
from  either  the  vertical  or  diagonal  correlations.  The  vertical  and  diagonal 
correlations  in  turn,  do  not  differ  significantly  from  each  other.  We  con- 
clude that  in  these  rattlesnakes  the  lateral  linkage  is  definitely  closer  than 
the  vertical. 

The  labials  of  several  colubrids  have  been  investigated  in  a similar  man- 
ner— first  unadjusted,  then  adjusted  by  the  method  of  partial  correlations. 
Three  series  (of  those  available  in  ample  numbers)  were  found  to  have  a 
sufficient  variation  to  warrant  study,  these  being  the  Borego  series  of 
Phyllorhynchiis  decurtatus  perkinsi  (3  37  specimens)  from  eastern  San 
Diego  County,  226  specimens  of  Pittiophis  cafenijer  annectens  from  coastal 
San  Diego  County,  and  a group  of  Thamnophis  sirtalh  concinnm  (236 
specimens)  from  the  Pacific  northwest.  The  latter  series  is  not  territorially 
homogeneous,  but  is  included  for  purposes  of  comparison.  The  results  are 
presented  in  Table  16.  It  will  be  seen  that  they  indicate  the  same  trends 
observable  in  Cro fains  viridis  viridis.  Since,  in  the  present  instance,  we  are 
dealing  with  separate  species,  no  attempt  has  been  made  to  combine  the 
series.  The  following  remarks  apply  to  the  partial,  or  adjusted,  correlation 
coefficients. 

All  horizontal  correlations  are  significant;  of  the  verticals  concinnus  is 
not,  while  perkinsi  and  annectens  are.  No  diagonal  correlation  is  significant. 

The  infralabial  correlations  are  higher  than  those  of  the  supralabials;  in 
perkinsi  and  annectens  the  differences  between  them  are  highly  significant 
(P=  0.0017  and  0.0007,  respectively) ; in  concinnus  the  difference  is  below 
the  usually  accepted  level  (P  = 0.11).  This  may  result  from  the  wider 
variation  in  the  infralabials  than  the  supralabials,  a condition  in  the  colu- 
brids which  is  less  marked  in  the  rattlesnakes. 

In  all  three  colubrid  cases  both  the  supralabial  and  infralabial  correla- 
tions are  significantly  different  from  the  corresponding  vertical  or  diagonal 
correlations,  although  in  annectens  the  supralabials  are  just  on  the  border 
line  of  a significant  difference  from  the  combined  vertical  correlation 
(P  = 0.0  5 9).  In  this  subspecies  the  vertical  correlations  are  exceptionally 
high  and  differ  significantly  from  the  diagonal  (P  = 0.0001  -) . In  perkinsi, 
also,  the  combined  verticals  are  significantly  higher  than  the  diagonals 
(P=  0.037),  but  not  to  so  marked  a degree. 
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The  principal  conclusion  derived  from  both  rattlesnakes  and  colubrids 
is  that  the  horizontal,  or  bilateral,  correlation  is  definitely  higher  than  the 
vertical. 


TABLE  16 

Partial  Correlations  in  Labials  of  Example  Colubrids 


Unadjusted  Correlations  Adjusted  Correlations 


Perkiftsi 

Aiinectens 

Conciniius 

Perkinsi 

Annccteiis  Concinniis 

Number  of  specimens 

3 37 

226 

236 

337 

226 

236 

Horizontal  Correlations 

Supralabials  

0.422 

0.402 

0.290 

0.408 

0.381 

0.289 

Infralabials  

0.585 

0.622 

0.425 

0.589 

0.618 

0.421 

Combined  

0.508 

0.521 

0.359 

0.504 

0.509 

0.357 

Vertical  Correlations 

Right  

0.227 

0.268 

0.076 

0.167 

0.253 

0.057 

Left  

0.151 

0.257 

0.067 

0.091 

0.230 

0.066 

Combined  

0.189 

0.263 

0.071 

0.129 

0.242 

0.062 

Diagonal  Correlations 

R.  supra  to  L.  infra  . 

0.202 

0.194 

0.099 

0.062 

-0.058 

0.052 

L.  supra  to  R.  infra 

0.116 

0.182 

0.024 

-0.030 

-0.054 

-0.072 

Combined  

0.159 

0.188 

0.062 

0.016 

-0.056 

0.010 

There  are,  of 

course. 

cases  of  limited  variability. 

in  which 

horizontal 

labial  correlations  may  be  investigated  by  the  use  of  a four-fold  table.  The 
following  tabulation  of  the  infralabials  in  296  specimens  of  Diadophis 
aniahilis  s'nuilis  from  San  Diego  County  illustrates  such  a situation: 


Left 

Right  Side 

Side 

7 

8 

Total 

7 

1 5 

9 

24 

8 

8 

264 

272 

Total 

2 3 

273 

296 

This  gives  a tetrachoric  coefficient  of  +0.89. 

In  most  situations  of  this  kind,  where  there  is  a sufficient  variability  to 
give  some  dispersion  between  two  values,  a third  value  will  usually  appear 
occasionally,  thus  preventing  the  use  of  a simple  four-fold  table. 

This  study  suggests  a query  concerning  the  effect  of  correlation  on 
the  proportion  of  snakes  which  adhere  to  the  mode  in  any  combination  of 
characters,  a subject  already  mentioned  m another  connection  (p.  15). 
Eor  example,  the  labial  mode  in  the  Pierre  series  is  15-15  supralabials  and 
16-16  infralabials.  If  we  assume  the  same  total  number  of  counts  of  15  and 
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16  as  were  actually  found  in  this  series,  but  a purely  random  distribution 
of  these  counts,  about  one  snake  in  33 — ( 3 1 1 X 3 12  X 262 X 241 ) /672'* — 
would  adhere  to  the  mode.  Actually  there  are  32  out  of  672,  or  about  one 
in  21,  with  H-15  and  16-16  labials.  We  see  that  correlation  has  increased 
the  frequency  of  what  might  be  termed  a normal  arrangement. 

Of  course,  if  we  introduce  further  modal  specifications,  so  that  our 
prairie  rattlesnake  fashion-plate  must  also  have  27  scale  rows,  177  ventrals 
(or  184  if  a female),  26  subcaudals  (20  if  a female),  43  body  blotches, 
and  10  tail  rings  (7  if  a female),  we  greatly  increase  the  rarity  of  speci- 
mens adhering  to  the  mode.  Taking  the  actual  occurrence  of  modal  counts 
in  the  Pierre  series  of  672  specimens,  rather  than  the  calculated  frequency 
of  the  mode  derived  from  the  theoretical  dispersion-curve  of  each  charac- 
ter, we  find  that  only  one  specimen  in  3 3,729  would  be  a perfect  fit.  This 
calculation  neglects  the  effect  of  correlation,  which  would  somewhat  raise 
the  frequency  of  perfect  fits,  although  not  greatly,  as  several  of  these 
characters  are  uncorrelated.  No  specimen  in  our  available  series  of  672  fits 
the  modal  specification  in  these  characters;  the  nearest  male  misses  the 
subcaudals,  body  blotches,  and  tail  rings  by  one  coupt  each.  A female  is 
correct  in  all  scale  counts,  but  misses  the  body  blotches  by  3 and  the  tail 
rings  by  one.  These  figures  give  some  indication  of  the  wide  variety  of  dif- 
ferent ways  in  which  these  numerical  characters  may  be  combined. 

Bilateral  Unbalance 

Thus  far,  in  our  consideration  of  bilateral  symmetry,  we  have  treated 
concomitant  variation  specimen  by  specimen,  Another  phase  of  the  same 
problem  is  the  question  of  whether  there  is  ever  a net  unbalance  in  the 
population,  that  is,  a substantially  higher  average  count  on  one  side  of  the 
body  than  the  other.  The  answer,  surprisingly,  seems  to  be  definitely  affirma- 
tive, there  being  differences  of  such  magnitude  as  not  to  be  attributable 
to  the  chance  selection  of  the  particular  specimens  comprising  the  available 
sample.  Of  course,  small  differences  in  averages  are  always  to  be  expected, 
for  it  would  be  virtually  Impossible  that  the  means  of  paired,  but  not  per- 
fectly correlated,  variables  should  be  equal;  the  question  is:  are  such 
differences  sufficient  in  magnitude  to  be  worthy  of  notice  and  are  they 
significant,  i.e.,  not  chargeable  to  the  chance  composition  of  the  sample? 

Table  17  presents  the  results  of  an  investigation  of  the  extent  of  net 
asymmetry  in  several  of  the  characters  of  which  the  bilateral  correlation 
was  previously  determined.  The  extent  of  divergence  is  expressed  in  terms 
of  the  coefficient  of  divergence,  which  is  defined  as  the  difference  between 
the  means,  divided  by  half  their  sum.  The  significance  of  the  difference  is 
determined  by  the  usual  method  of  finding  the  ratio  of  the  difference 
between  the  means,  to  the  standard  error  of  the  difference,  this  being 
satisfactory  where  the  samples  are  relatively  large  and  the  numbers  in  the 
two  groups  are  equal,  as  in  this  case.  I have  used  the  formula  for  the 
standard  error  of  the  difference  which  includes  the  factor  r,  since  in  all 


TABLE  17 

Bilateral  Unbalance  in  Scale  Counts 

Number  Significance  Coefficient 

Character  Species  Series  of  Differ-  Standard  Deviation  q£ 

Specimens  Right  Left  ence  Right  Left  Difference"’’  Divergencef 
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cases  here  under  consideration  there  is  correlation  between  the  paired 
variables. 

It  will  be  observed  in  Table  17  that,  in  several  instances,  there  is  a sig- 
nificant difference  between  the  counts  on  the  two  sides,  using  P = 0.05 
as  the  significance  level.  Yet  in  some  of  these  cases  the  coefficient  of  diver- 
gence shows  the  difference  to  be  so  small  as  to  be  of  little  practical  interest. 
In  four  cases  the  divergence  is  both  significant  and  exceeds  1 per  cent; 
these  are  P.  d.  perkinsi  infralabials  and  first  temporals;  L.  g.  California’ 
first  temporals;  and  C.  /.  fesscllatiis  femoral  pores.  The  P hyll or hyn chits 
case  seems  so  remarkable  that  it  warrants  further  investigation.  Here  we 
have  a coefficient  of  divergence  in  the  infralabials  of  1.31  per  cent  and  in 
the  first  temporals  of  6.71  per  cent,  and  both  are  highly  significant.  The 
first  temporals  are  higher  on  the  right  than  on  the  left;  the  reverse  is  true 
of  the  infralabials.  The  first  temporals  were  defined  as  the  scales  touching 
the  oculars  in  the  area  between  the  supralabials  and  the  parietals. 

In  order  that  these  differences  could  not  be  charged  to  some  source  of 
consistent  error,  such  as  the  angles  at  which  the  heads  were  examined  on 
the  two  sides,  all  specimens  were  re-examined  by  a single  observer  (Charles 
E.  Shaw)  using  a binocular  microscope,  and  the  results  given  are  premised 
on  this  verification. 

The  specimens  of  P hyll  or  hyn  chits  hitherto  discussed  were  collected  in  the 
Borego  area  of  eastern  San  Diego  County.  Some  43  specimens  are  available 
from  the  desert  bordering  the  Coachella  Valley  in  Riverside  County,  some 
miles  to  the  northeast  of  the  San  Diego  County  locality.  An  investigation 
of  these  shows  that  the  lateral  divergence  evident  in  the  Borego  specimens 
is  continued  in  Riverside  in  one  of  the  two  characters.  The  unbalance  in 
the  infralabials  is  reduced  to  insignificance  in  the  Coachella  series,  but  the 
discrepancy  in  the  first  temporals  is  continued  in  the  Coachella  specimens; 
the  coefficient  of  divergence  is  5.93  per  cent,  with  the  right  temporals 
exceeding  the  left,  as  in  San  Diego  County.  I think  we  may  conclude  that 
it  is  possible  for  a definite  lateral  unbalance  in  scalation  to  become  estab- 
lished in  a local  homogeneous  population  and  occasionally  to  be  carried 
into  an  adjacent  population. 

Intercharacter  Correlations  in  Scalation 

Thus  far  we  have  discussed  bilateral  correlation,  involving  the  reciprocal 
relationship  between  the  values  of  the  same  variable  on  opposite  sides  of 
the  body.  We  now  proceed  to  investigate  correlations  between  pairs  of  dif- 
ferent characters.  As  before,  the  study,  for  the  present,  will  be  limited 
to  territorially  homogeneous  series,  to  avoid  introducing  ecological  com- 
plications and  the  effects  of  dines,  which  tend  to  produce  correlations 
that  might  be  absent  in  homogeneous  groups.  Initially  the  investigation 
will  be  limited  to  characters  of  scalation,  to  avoid  the  problems  introduced 
by  ontogenetic  change. 

cri_o=  ((7]"  T (r.j"  — 2r,r,fro)  ^ 
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I shall  first  discuss  the  correlations  found  in  a number  of  pairs  of  char- 
acters in  the  rattlesnakes,  using,  primarily,  examples  derived  from  the 
Platteville  vhidh  series.  However,  with  respect  to  some  of  the  more  im- 
portant pairs,  confirmatory  evidence  will  be  sought  in  other  series;  and 
in  the  case  of  some  characters,  in  which  species  other  than  C.  viridis  show 
wider  dispersions  (for  example,  the  scales  before  the  pit  in  C.  riiher) , the 
illustrations  will  be  drawn  from  such  other  species.  These  studies  will  be 
followed  by  similar  investigations  of  the  more  limited  characters  available 
in  the  colubrids  and  other  non-crotalids. 

The  rattlesnake  scale-character  combinations  are,  in  fact,  so  extensive 
that  it  appears  desirable,  for  the  sake  of  clarity,  to  divide  the  correlations 
investigated  into  three  groups:  (1)  paired  body  scale-counts;  (2)  paired 
head  scale-counts;  and  (3)  one  body  count  correlated  with  one  head  count. 
The  possible  combinations  are  so  numerous  that  no  attempt  will  be  made 
to  check  them  all.  In  the  Platteville  series  alone,  there  are  some  62  combi- 
nations possible  in  ten  characters,  two  of  which  (ventrals  and  subcaudals) 
have  marked  sexual  dimorphism,  thus  requiring  the  sexes  to  be  treated 
separately.  Other  species  of  rattlers,  having  variable  scale-groups  which  are 
constant  in  I’iridis,  would  greatly  increase  the  number  of  these  possible 
pairs.  It  is  obviously  necessary  to  restrict  the  investigation  to  a few 
combinations,  such  as  those  involving  particularly  important  scale-counts, 
or  others  in  which  the  relationship  appears  of  special  interest. 

The  first  group  of  combinations,  that  of  body  scale  counts,  includes 
pairs  of  the  following:  dorsal  scale  rows,  ventrals,  and  subcaudals.  The 
first  may  be  further  subdivided  into  counts  at  various  locations  on  the 
body,  such  as  at  the  neck,  at  midbody,  just  anterior  to  the  vent,  and  at 
the  center  of  the  tail.  Points  of  suppression  of  incomplete  rows  may  be 
included.  The  ventrals  and  subcaudals  are  sexually  dimorphic,  which  re- 
quires segregation  of  the  sexes  whenever  cither  of  these  characters  is 
involved. 

I may  say,  in  passing,  that  I did  give  consideration  to  the  possible  pres- 
ence of  sexual  dimorphism  in  the  dorsal  scale  rows,  but  found  the  differ- 
ences small,  although  in  some  instances  significant.  The  maximum  coeffi- 
cient of  divergence  only  slightly  exceeds  one  per  cent.  The  males  in  some 
cases  average  more  rows  than  the  females,  whereas  in  others  the  contrary 
is  true.  While  it  was  decided  to  make  no  sexual  segregation,  as  far  as  scale 
rows  are  concerned,  the  results  of  calculations  on  several  series  are  given, 
as  a matter  of  interest,  in  Table  18.  It  will  be  noted  that  some  of  the  series 
involved  in  these  tests  are  not  territorially  restricted.  This  is  of  no  im- 
portance in  a difference  test,  provided  the  sexes  are  represented  with  sub- 
stantially equal  proportions  in  the  several  areas  included.  Furthermore, 
sexual  dimorphism  in  scale  rows,  even  if  important,  would  not  affect  the 
correlation  coefficients  derived  from  the  dorsal-ventral  or  dorsal-subcaudal 
pairs,  as  the  sexes  are  treated  separately  anyhow,  but  it  would  affect  such 
correlations  as  dorsals-supralabials,  dorsals-canthals,  etc.  A similar  invest!- 
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Notks:  All  standard  deviations  are  the  optimum  estimates  of  the  population  parameters.  The  value  of  P gives  the  significance  of  the  difference 
between  the  means,  in  terms  of  the  probability  that  the  samples  w;re  drawn  from  the  same  population.  The  coefficient  of  divergence  is  the 
difference  between  the  means  divided  by  half  their  sum,  expres  ed  as  a percentage.  Where  the  value  is  negative  the  females  exceed  the  males. 
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gation  was  made  to  determine  possible  sexual  dimorphism  in  the  labials,  with 
results  no  more  consistent  or  important  than  those  of  the  dorsal  scale 

14  ' 

rows. 

Returning  to  the  correlations  between  body  characters,  the  first  investi- 
gated was  that  between  dorsal  scale  rows  and  ventrals,  the  statistics  of  the 
two  large  series  of  C.  t'.  I'lridis  being  as  follows: 


Platteville  Series  Pierre  Series 


N 

r 

P 

N 

r 

P 

Males  

. ..  443 

0.014 

0.76 

342 

0.026 

0.63 

Females  

392 

0.024 

0.63 

332 

0.030 

0.59 

These  results  are  consistent  in  indicating  a probable  absence  of  correla- 
tion. 

The  existence  of  correlation  in  these  relatively  important  characters 
was  investigated  in  two  other  series,  the  San  Lucan  C.  lucasensis  and  the 
San  Diego  County  C.  ruber,  using  a somewhat  different  method,  that  is,  by 
determining  the  mean  ventral  count  for  each  value  of  the  dorsals.  The 
results  are  as  follows: 


Number  of  Specimens  Mean  Ventrals 


Scale  rows 

27 

29 

31 

27 

29 

31 

C.  ruber,  males  

18 

105 

6 

196.28 

193.64 

193.60 

females  

12 

74 

6 

199.08 

196.57 

197.17 

C.  lucasensis,  males  

132 

32 

187.32 

188.81 

females  ... 

79 

31 

193.23 

193.23 

There  is  evident  here  no  consistent  trend,  there  being  some  indication 
of  a negative  correlation  in  ruber  and  a positive  in  lucasensis  males,  but 
neither  is  significant.  As  is  usually  the  case  in  dealing  with  scale  rows,  the 
investigation  is  handicapped  by  the  limited  variation  in  this  character; 
that  is,  the  material  is  heavily  concentrated  in  one  category,  29  rows  in 
the  case  of  ruber  and  27  in  lucasensis.  Furthermore,  the  distribution  is 
clearly  not  normal,  owing  to  the  concentration  on  odd  numbers,  so  that 
the  use  of  the  coefficient  of  correlation  is  not  entirely  justified.  However, 
the  conclusion  may  be  drawn  that  there  is  no  correlation  between  dorsal 
scale  rows  and  ventrals  in  these  typical  species  of  rattlesnakes. 


See  Klauber,  1943a,  Table  2,  p.  13. 
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Only  one  series,  the  Platteville  viridh,  was  investigated  for  a correla- 
tion between  scale  rows  and  subcaudals.  Again  no  significant  correlation 
was  found,  the  figures  being  as  follows: 


N r P 

Males  441  0.0  52  0.27 

Females  390  -0.063  0.22 


The  remaining  correlation  to  be  tested  between  these  body  characters  is 
that  of  ventrals  to  subcaudals.  This  is  not  as  important  among  the  rattlers 
as  the  colubrids,  because  of  the  foreshortened  tail  of  the  former  to  accom- 
modate the  rattles,  and  it  will,  therefore,  be  given  a more  complete  treat- 
ment when  the  colubrids  are  discussed.  However,  an  investigation  has 
been  made  on  a number  of  rattlesnake  series,  with  results  shown  in  Table  19. 


TABLE  19 

Correlation  between  Ventral  and  Subcaudal  Scales  in  Rattlesnakes 


Species 

Series 

Males 

Females 

N 

r 

P 

N 

r 

P 

C.  lucasensis 

San  Lucan 

150 

0.193 

0.018 

117 

0.076 

0.41 

C.  ruber 

S.  D.  County 

153 

0.076 

0.35 

100 

-0.084 

0.41 

C.  V.  viridh 

Platteville 

441 

0.082 

0.085 

392 

0.004 

0.94 

C.  V.  viridh 

Pierre 

341 

0.034 

0.53 

331 

0.054 

0.33 

C.  V.  viridh 

Bonesteel 

45 

0.257 

0.088 

34 

0.037 

0.84 

C.  V.  viridh 

Timberlake 

52 

0.245 

0.080 

28 

0.125 

0.51 

C.  V.  viridis 

Series  combined 

879 

0.082 

0.015 

785 

0.031 

0.39 

C.  V.  oregauus 

S.  D.  County 

279 

0.235 

0.0001 

287 

0.097 

0.102 

C.  V.  oreganus 

Pateros 

324 

0.182 

0.001 

288 

0.040 

0.50 

C.  V.  oreganus 

Series  combined 

603 

0.207 

0.0001- 

575 

0.068 

0.103 

It  will  be  noted  that  the  female  correlations  are  quite  low  and  none  is 
significant.  However,  as  only  one  out  of  eight  is  negative,  I am  inclined 
to  think  that  there  may  be  a very  slight  positive  correlation.  As  to  the 
males,  there  appears  no  question  but  that  there  is  a positive  correlation  in 
orega////s,  the  95  per  cent  confidence  limits  for  the  two  series  combined 
being  0.130  to  0.2  89.  The  combined  viridh  groups  indicate  a lower  coeffi- 
cient, as  does  liicasensis  also,  and  the  ruber  sample  shows  no  significant 
correlation.  It  may  be  concluded  that  correlations  of  about  +0.2  will  be 
found  between  ventrals  and  subcaudals  in  the  males  of  many  rattler  species. 

Another  possible  set  of  correlations,  involving  only  body  scales,  is  that 
of  the  scale  rows  at  different  parts  of  the  trunk.  These  are  of  interest,  as 
the  complete  scale  row  formulas  have  been  often  used  in  classification  since 
Ruthven’s  pioneer  work  on  the  garter  snakes  in  1908.^‘*  Taking  C.  ruber 
as  the  best  available  species,  because  of  its  high  dispersion  in  dorsal  scale 


'■*  See  Philip  J.  Clark  and  Robert  F.  Inger,  Copeia,  1942,  pp.  163  and  230. 
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rows,  I have  determined  the  correlations  between  the  scale  rows,  in  100 
specimens  from  San  Diego  County,  at  four  different  points:  At  the  neck 
(narrowest  point)  ; at  mid-body,  or  slightly  anterior  thereto,  where  the 
maximum  is  reached;  just  ahead  of  the  anus;  and  at  the  mid-point  of  the 
tail.  The  results  in  terms  of  r follow: 


Mid-body  Anus  Mid-tail 

Neck  0.215  -0.049  -0.022 

Mid-body  -0.069  0.154 

Anus  0.210 


Only  two  of  these  correlations  are  significant,  the  neck  to  mid-body 
(P  = 0.03  2)  and  the  anal  to  mid-tail  (P  = 0.03  6).  I was  rather  surprised 
to  find  the  other  contiguous  pair  (mid-body  to  anal)  without  significance. 
These  correlations  might  be  adjusted  by  the  method  of  partial  correlation, 
but  this  is  not  worthwhile  in  view  of  the  low  correlations  found. 

We  now  proceed  to  the  second  group  of  characters  whose  interrelations 
are  to  be  tested,  namely,  those  involving  only  head  scales. 

The  following  remarks  are  explanatory  of  some  of  the  terms  used:  The 
scales  on  the  crown  are  the  total  scales  on  the  top  of  the  head  anterior  to 
a line  connecting  the  forward  ends  of  the  supraoculars.  These  scales,  also 
referred  to  as  scales  before  the  supraoculars,  are  clearly  defined  in  some 
species,  such  as  C.  scutulatus;  however,  they  can  hardly  be  considered  an 
important  character  in  C.  ruber,  or  C.  viridis,  since  it  is  often  impossible 
to  determine  just  where,  in  the  frontal  area,  the  count  should  stop.  The 
intersupraoculars  comprise  the  minimum  series  of  scales  bridging  the  gap 
between  the  supraoculars.  The  internasals  are  the  scales  contacting  the 
rostral  between  the  nasals,  regardless  of  size.  The  canthals  are  the  scales 
along  the  upper  edge  of  the  canthus  rostralis,  between  the  internasals  and 
the  supraoculars.  The  scales  before  the  pit  are  those  anterior  to  the  pit 
which  lie  above  the  supralabials  and  below  the  nasals,  loreals,  and  lower 
preoculars.  The  scales  around  the  supraoculars  are  those  touching  that  scale, 
from  the  postcanthals  to  the  postoculars,  but  including  neither  of  these. 

When  a scale  character  which  is  present  separately  on  each  side  of  the 
head  (c.g.,  loreals),  is  to  be  paired  with  another  also  present  on  each  side, 
the  two  sides  are  tabulated  separately.  On  the  other  hand,  where  such  a 
dual  character  is  to  be  paired  with  another,  of  which  only  one  count  per 
specimen  is  available  {c.g.,  intersupraoculars),  then  the  sum  of  the  two 
counts  of  the  first  character  (one  from  either  side),  is  treated  as  a single 
variate. 

It  is  to  be  remembered  that  the  supralabial-infralabial  relationship  has 
already  been  covered  in  the  discussion  of  bilateral  symmetry;  this  will  not 
be  repeated. 

The  correlations  of  a number  of  head  characters,  taken  in  pairs,  are  set 
forth  in  Table  20.  I have  selected,  particularly,  pairs  in  which,  because  of 
contiguity,  some  correlation  might  reasonably  be  expected. 


TABLE  20 

Correlations  between  Head  Scales  in  Crofahis 
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Of  the  2 3 pairs  tested,  7 show  no  significant  correlation;  of  those  which 
remain,  all  are  positive  and  6 have  values  of  r in  excess  of  0.3.  These  are 
the  canthals  and  the  scales  contacting  the  rostral,  the  intersupraoculars 
and  the  scales  contacting  the  supraoculars,  the  intersupraoculars  and  the 
scales  contacting  the  rostral  in  C.  ruber;  the  scales  of  the  crown  and  the 
scales  contacting  the  supraoculars  in  C.  scutulatus;  and  the  scales  of  the 
crown  and  intersupraoculars  in  the  two  series  of  viridis.  With  one  excep- 
tion (intersupraoculars  and  scales  contacting  the  rostral)  these  pairs  com- 
prise contiguous  groups  of  scales.  It  is  naturally  to  be  expected  that  such 
a correlation  would  be  evident — that  individual  snakes  with  larger  (and 
therefore  fewer)  scales  than  the  average  on  one  part  of  the  head,  would 
also  have  larger  scales  on  other  parts.  We  conclude  that  a moderate  cor- 
relation is  evident  between  many  pairs  of  head  scales. 

We  come  now  to  the  final  group  of  paired  rattlesnake  characters — those 
in  which  one  of  each  group  is  on  the  body,  the  other  on  the  head.  The 
possible  combinations  are  very  numerous  and  only  four  will  be  tested, 
these  being  the  relations  between  scale  rows  or  ventrals  on  the  one  hand, 
and  supra-  or  infralabials  on  the  other. 

I have  previously  indicated  that  the  dorsals  of  snakes  may  either  be 
studied  as  such,  or  as  series  of  laterals. In  the  present  instance,  since  I 
use  as  one  variate  the  sum  of  the  supralabials,  or  the  sum  of  the  infra- 
labials, I shall  also  take  the  total  dorsals,  rather  than  the  laterals,  even 
though  the  former  are  not  normally  distributed  (because  of  the  pre- 
dominance of  odd  totals)  while  the  latter  approach  normality.^®  For  that 
matter,  there  seems  to  be  no  correlation  between  the  unbalance  in  the 
laterals  and  unbalance  in  the  labials,  as  shown  by  the  contingency  tables 
derived  from  the  Platteville  series  of  viridis,  and  set  forth  in  Table  21. 
It  requires  no  computation  to  show  that  no  significant  correlation  is  indi- 
cated in  this  table. 


TABLE  21 

Platteville  Series  of  Crofalus  v.  viridis: 
Correlation  of  Unbalance  in  Laterals  and  Labials 


Distribution 

Distribution  of  Laterals 

of  Supralabials 

Equal 

Unequal 

Total 

Equal  

394 

27 

421 

Unequal  

3 82 

24 

406 

Total  

776 

51 

827 

Distribution 

of  Infralabials 

Equal  

388 

21 

409 

Unequal  

388 

30 

418 

Total  

776 

51 

827 

1'’  Bull.  Zool.  Soc.  San  Diego,  No.  17,  p.  8,  1941. 
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Proceeding  with  the  investigation  of  the  correlation  between  scale  rows 
and  labials,  five  homogeneous  series  of  rattlesnakes  were  investigated,  with 
the  results  set  forth  in  Table  22.  There  seems  no  doubt  that  there  is  a 
moderate  correlation  between  scale  rows  and  labials  in  these  snakes,  for 
only  in  the  n/grescetjs  series  is  none  evident.  If  the  series  which  I have 
tested  be  combined,  the  weighted  average  correlation  coefficients  are,  for 
the  scale  rows  to  supralabials,  0.175;  and,  to  the  infralabials,  0.164.  The 
difference  between  the  two  is  not  significant  (P  = 0.70).  The  95  per 
cent  confidence  limits  are  0.13  3 to  0.217,  and  0.121  to  0.206,  respectively. 

TABLE  22 

Correlations  between  Scale  Rows  and  Labials  in  Crofalns 


Supralabi 

als 

Infralabials 

Species 

Series 

N 

r 

p 

N 

r 

P 

C.  m.  nigresccns 

Zacatecas  

92 

0.158 

0.124 

93 

0.022 

0.833 

C.  In  case  mis 

San  Lucan  

285 

0.154 

0.009 

289 

0.254 

0.0001 

C.  i . viridis 

Platteville  

833 

0.188 

0.0001- 

830 

0.190 

0.0001 

C.  V.  viridis 

Pierre  

673 

0.165 

0.0001- 

672 

0.113 

0.003 

C.  G.  laferorcpens 

San  Diego- 
Imperial  Cos. 

150 

0.154 

0.051 

147 

0.151 

0.064 

Series  Combined 

2033 

0.175 

0.0001- 

2031 

0.164 

0.0001 

A test  was  made  on  the  correlation  between  ventrals  and  labials  in  the 
Platteville  series  of  C.  v.  viridh.  Because  of  sexual  dimorphism  in  the 
ventrals,  the  sexes  must  be  treated  separately.  The  results  were  as  follows: 


Males 

Females 

N 

r 

P 

N 

r 

P 

Supralabials  

...  441 

-0.016 

0.74 

391 

0.053 

0.28 

Infralabials  

440 

-0.008 

0.87 

390 

0.131 

0.009 

significant  correlation  is 

evident 

in  only 

one  of 

the  four 

pairs. 

ventrals-infralabials  in  the  females.  To  verify  this  result  the  same  pair  of 
characters  was  then  tested  in  three  other  series  of  C.  v.  viridis,  but  none 
proved  significant,  the  results  being: 


Senes 

N 

r 

P 

Pierre  

279 

0.003 

0.97 

Bonesteel  

34 

-0.215 

0.22 

Timberlake 

44 

0.054 

0.73 

It  may  therefore  be  concluded  that  the  significant  result  in  the  Platteville 
series  is  a situation  out  of  the  ordinary,  and  usually  no  real  correlation  exists 
between  the  ventrals  and  either  supralabials  or  infralabials,  in  territorially 
homogeneous  groups  of  Crotalus  r.  viridis. 
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Summarizing  the  intercharacter  correlations  in  the  rattlesnakes  we  find 
no  indication  of  correlation  between  scale  rows  and  ventrals.  Correlation 
is  occasionally  present  between  ventrals  and  subcaudals,  especially  in  the 
males.  Significant  correlations  are  often  found  between  different  series  of 
head  scales,  particularly  contiguous  groups.  A correlation  is  evident  between 
scale  rows  and  labials,  but  not  between  ventrals  and  labials. 

We  now  turn  to  some  similar  examples  of  correlations  between  different 
scale-count  characters  in  forms  other  than  rattlesnakes.  In  general,  these, 
especially  colubrids,  offer  a less  fruitful  field,  since  there  are  fewer  variable 
series  on  the  head  to  investigate;  and  the  variations  in  many  of  the  char- 
acters (scale  rows  and  labials,  for  example)  are  held  within  narrower  limits 
than  in  the  genus  previously  discussed.  Only  the  subcaudals  are  a more  vari- 
able character  in  most  colubrids  than  in  the  rattlesnakes,  whose  tails  are 
shortened  to  accommodate  the  rattles.  As  was  the  case  in  the  previous  dis- 
cussion, the  present  investigation  is  limited  to  homogeneous  series  from 
restricted  localities,  to  avoid  the  possible  effects  of  territorial — but  never- 
theless intrasubspecific — variation. 

The  most  important  correlation  to  be  investigated  is  that  between 
ventrals  and  subcaudals.  Certain  assumptions  might  lead  one  to  expect  a 
correlation  between  these  characters.  From  one  viewpoint  it  would  be 
logical  to  infer  a positive  correlation,  since,  whatever  the  cause  of  a high 
number  of  ventrals  in  a particular  snake,  the  same  cause  might  be  expected 
to  produce  a higher  than  average  number  of  subcaudals,  thus  resulting  in 
a positive  correlation.  On  the  other  hand,  one  might  presume  a tendency 
toward  a constant  total  number  of  scales  on  the  ventrum;  that  is,  ventrals 
plus  subcaudals.  If  this  were  the  case,  a high  number  of  ventrals  would 
tend  to  reduce  the  number  of  subcaudals,  and  vice  versa.  Such  an  effect 
would  lead  to  a negative  correlation. 

In  an  investigation  of  the  ventral-subcaudal  correlation,  it  is  important 
that  the  sexes  be  segregated,  if  sexual  dimorphism  be  present,  which  is 
usually  the  case.  The  male  subcaudals  in  most  genera  are  higher  than  in 
the  females,  and  if  the  sexes  are  not  segregated  (or  many  specimens  are 
inaccurately  sexed)  and  the  females  have  more  ventrals  than  the  males, 
as  for  example,  in  Lam  pro  pelt  is  and  Phyllorhynchns,  then  a negative  corre- 
lation will  be  in  evidence,  even  if  the  sexes  separately  manifest  no  correla- 
tion. Similarly,  if  the  males  have  more  ventrals  than  the  females,  as  in 
Tbamuophis  and  Khinochcihis,  then  combining  the  sexes  will  produce  a 
positive  correlation.  On  the  other  hand,  in  genera  in  which  there  is  little 
or  no  difference  between  the  sexes  in  ventrals  (but  sexual  dimorphism  be 
present  in  the  subcaudals)  inaccurate  sexing  may  tend  to  reduce  the  correla- 
tion coefficient  below  its  true  value. 

One  of  the  best  ways  to  pick  up  questionable  cases  of  sexing  is  to  enter 
both  sexes  in  a single  ventral-subcaudal  correlation  table,  using  two  colors 
to  distinguish  the  sexes.  The  area  df  overlap  (if  there  be  one)  will  be 
readily  apparent,  and  doubtful  cases  will  stand  out  prominently — much 
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more  so  than  if  the  two  characters  be  investigated  separately.  This  is  a matter 
of  sufficient  interest  to  warrant  the  presentation  of  Tables  23  to  2 5 show- 
ing such  correlations  for  three  typical  situations. 

Table  23  covers  a case  in  which  the  males  exceed  the  females  in  sub- 
caudals,  but  have  fewer  ventrals,  this  being  the  more  usual  situation  in 
colubrid  genera.  The  particular  subspecies  selected,  Phyllorhynchus  de- 
ciirtatus  perkinsi,  is  notable  for  the  wide  divergence  between  the  sexes 
(this  is,  in  fact,  a generic  characteristic),  so  that  there  is  no  overlap  of 
the  areas  which  they  occupy  in  the  table.  However,  it  is  to  be  observed 
that  there  would  be  an  overlap  were  either  character  considered  separately, 
so  the  value  of  such  a dual  tabulation  becomes  apparent.  It  will  be  noted 
that,  were  there  any  inaccurate  sexing,  the  misplaced  specimens  of  either 
sex  would  fall  along  a diagonal  line  from  upper  right  to  lower  left,  the 
improperly  sexed  specimens  producing  a salient  into  the  area  occupied  by 
the  other  sex.  The  result  would  be  a fictitious  negative  correlation,  higher 
values  of  either  character  matching  with  lower  values  of  the  other.  Whether 
there  is  any  correlation  in  Phyllorhyncbns  when  the  sexes  are  properly 
segregated,  as  in  Table  23,  will  be  discussed  later. 

Of  course,  the  chance  of  inaccurately  sexing  a Phyllorhyncbns,  without 
discovering  the  fact  as  soon  as  the  results  are  tabulated,  is  remote;  unfor- 
tunately, few  genera  have  so  marked  a sexual  divergence.  Table  24  shows 
the  same  data  for  a series  of  Diadophis  arnabilis  similis  from  San  Diego  City 
and  its  environs.  This  series  is  restricted  to  a small  area  around  San  Diego 
Bay;  it  was  found  that  when  specimens  from  the  inland  valleys  and  foot- 
hills were  included,  territorial  differentiation  became  evident,  thus  inter- 
fering with  the  homogeneity  necessary  for  this  particular  investigation. 

In  Table  24  it  will  be  observed  that  there  is  considerable  overlap 
between  the  sexes  and  more  scattering  is  evident  than  in  Table  2 3.  A few 
specimens  are  decidedly  aberrant.  In  a situation  such  as  this,  a special 
effort  must  be  made  to  avoid  the  inaccurate  sexing  of  specimens  falling  in 
the  intermediate  area  in  the  table,  for  mere  location  is  no  longer  a sure 
indication  of  faulty  sexing,  as  was  the  case  with  Phyllorhynchits. 

Table  2 5 shows  the  same  data  covering  a series  of  Thamnoph/s  ham- 
niondii  from  San  Diego  County.  In  this  species  the  males  exceed  the  females 
in  both  ventrals  and  subcaudals,  so  that  the  relative  positions  of  the  two 
groups  in  the  table  are  different  from  those  of  the  two  previous  tables.  It 
will  be  readily  apparent  that  inaccurate  sexing  in  such  a case  would  tend  to 
result  in  a fictitious  positive  correlation,  for  improperly  placed  individuals 
in  this  case  will  cause  salients  along  the  upper-left  to  lower-right  diagonal. 

Ordinary  errors  of  counting  will  also  produce  inaccurate  results;  yet  in 
the  long  run  they  will  be  less  serious  than  errors  in  sexing,  since  they  are 
likely  to  be  of  a random  nature  and  will  tend  to  cancel  each  other,  which  is 
not  true  of  errors  in  sexing.  Also,  a few  freak  specimens  may  quite 
materially  change  the  correlation  coefficient.  For  this  reason,  if  high 


TABLE  23 

Borego  Series  of  Phyllorhynchus  decurtatm  perkinsi-. 
Correlation  of  Ventrals  and  Subcaudals,  showing  Sexual  Divergence. 

Subcaudals 


i2  s 

Uh 


i-H  1-H  (sj  r-l  r-H 


O M t-H 


■i" 


° 42 
H 


T— It— (»— Ir- (rsIfVJrvlfNl-Hl-H 


cs 

O 

«N 


C.4 

■4- 


o 

■It 


N. 

rr\ 


t— I t— 1 rs|  — -1  ixn  xo  t}" 


(N 


(N 


ON 


ON 

<N 


NO 


r<N 


ON 


■It- 


SO 


\r\ 


rj 


ON 

fN 


K 

CN 


NO 

CnI 


"4- 

rsj 


tJ-  rH  M 


1-H  i-<  CM  C4 


SOmCM 


1-H  i-(  rH  fs|  CM 


00 
<D 

o 2 

"It  s 
f<  ix< 

rslrtNt^l^NON.CJOONO'— iCvlrtN'^'t^^t^°®ONOt— l(Nr<NTj->.^NO^^ 
^ . . ..  w __  nrt  QO  rv^  tr.  ^ m* 


r<N 


l/N 


K 


so 


n 


fNl 


T+-  U-V  NO  OO  ON  O t— I CM  ttN  tr  ^ \ OO  UN  ’ I”"  ' ^ ^ ^ ^ ^ V ^ 

« T^Nblo'O^KKhxrvKKlxKrvKoooooooooooooo^ooooCTNONONONONONON 

C . , I I ^ ■ -<  i J « ----■ 

> 


rt  rt 

U 4-1 

O O 

H H 


0 


TABLE  24 

Series  of  Diadophis  amabdis  simdis  from  Vicinity  of  San  Diego: 
Correlation  of  Ventrals  and  Subcaudals,  showing  Sexual  Divergence. 
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TABLE  2 5 

San  Diego  County  Scries  of  Thamnophis  hammofidii: 
Correlation  of  Ventrals  and  Subcaudals,  showing  Sexual  Divergenc 
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accuracy  is  desired,  it  may  be  advisable  to  omit  juveniles,  for  such  freaks 
are  usually  juveniles  which  would  not  survive.  Whether  they  should  be 
omitted  depends  on  the  purpose  of  the  test. 

These  tables  also  illustrate  a method  whereby  it  may  be  possible  to  segre- 
gate more  completely  two  forms  (or  the  sexes  of  a single  form),  by  using 
two  characters,  where  a single  character  alone  would  not  involve  so  definite 
a differentiation.  For  example,  from  Table  2 3 we  observe  that  the  ventrals 
of  the  males  vary  from  164  to  182,  and  the  females  from  181  to  196;  and 
the  subcaudals  32  to  42,  and  24  to  34,  respectively.  Thus,  both  sets  of 
characters  overlap,  and,  were  more  specimens  available,  these  overlaps 
would  tend  to  increase.  Ffowever,  if  we  combine  the  characters  by  taking 
the  differences  between  the  ventrals  and  subcaudals,  we  find  that  the 
ventrals-less-caudals  in  the  males  vary  from  126  to  144  and  in  the  females 
from  1 5 1 to  168.  Thus  there  is  no  overlapping,  and  there  would  probably 
be  little  or  none  even  if  the  number  of  available  specimens  was  considerably 
increased. 

Similarly,  in  Table  24  the  ventral  and  subcaudal  overlaps  separately  are 
each  about  half  the  total  range:  ventrals,  males,  178  to  195;  females  189 
to  215;  subcaudals,  males,  52  to  66;  females  46  to  61.  But  the  differences 
show  much  less  overlap:  males,  119  to  142;  females,  134  to  15  8.  Further- 
more, the  number  of  specimens  falling  within  the  questionable  overlapping 
range  will  be  considerably  reduced.  To  secure  this  more  efficient  combined 
result  differences  should  be  used  if  the  correlation  (in  the  combined  forms) 
is  negative,  as  in  Tables  23  and  24;  or  sums  should  be  employed  if  the  cor- 
relation is  positive,  as  in  the  case  of  Thaiiiuoph'n  hammondii,  Table  2 5. 
For  examples  of  the  practical  use  of  combined  characters  to  sharpen 
differences  see  Van  Denburgh,  1920,  and  Hubbs,  Hubbs  and  Johnson,  1943. 

Table  26  sets  forth  the  results  of  determinations  of  the  correlation 
between  ventrals  and  subcaudals  in  twenty-four  territorially  homogeneous 
series  of  snakes,  involving,  as  the  sexes  are  treated  separately,  forty-eight 
separate  lots.  Of  these  it  will  be  noted  that  there  is  a significant  correlation 
(using  P = 0.05  as  the  upper  limit  of  significance)  in  cnly  eight  out  cf  forty- 
eight  series,  these  being  D.  a.  s'nnilis  females,  P.  d.  perkiusi  males,  G. 
nasalis  females,  T.  1.  varians  males,  both  sexes  of  S.  o.  annidata,  S.  ;;;.  linear/s 
females  and  A.  mokesou  females.  Even  where  correlation  is  present  it  is 
relatively  low  (about  0.2  5 or  below)  except  in  three  instances.  It  is  con- 
sistent only  in  S.  o.  annulata,  for  this  is  the  only  species  in  which  correlation 
is  evident  in  both  sexes.  This  may  result  from  the  beginning  of  a trend 
toward  territorial  differentiation.  For,  as  I shall  subsequently  show,  such 
differentiation  does  produce  correlation  in  territorially  widespread  groups; 
and  this  small  snake  may  show  differentiation,  even  in  as  limited  a territory 
as  desert  San  Diego  County. 

The  detection  of  aberrants  and  errors  by  a graphic  study  of  tail  lengths  has  been 
discussed  in  a paper  on  that  subject.  Bull.  Zool.  Soc.  San  Diego,  No.  18,  p.  H.  Ventral- 
caudal  tables  may  be  co-ordinated  with  such  investigations,  as  a double  check  on  aber- 
rants, although  some  cross-correlation  is  to  be  expected. 
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TABLE  26 

Correlation  between  Ventrals  and  Subcaudals 
in  Homogeneous  Series  of  Snakes. 


Series 

Sex 

N 

r 

P 

Adclphicos  quad rivir gat  Its  sargii  

M 

76 

0.173 

0.14 

(Volcan  Zunil,  Guatemala) 

F 

57 

0.019 

0.89 

Geo  phis  nasalis  

M 

113 

0.109 

0.90 

(Volcan  Zunil,  Guatemala) 

F 

85 

0.493 

0.0001- 

Diadophis  arnabalis  sim/l/s  

M 

108 

0.076 

0.44 

(Vicinity  of  San  Diego) 

F 

99 

0.234 

0.02 

Diadophis  pnnctafns  arnyi 

M 

233 

0.010 

0.13 

(Tulsa,  Oklahoma) 

F 

148 

0.063 

0.45 

Aspidnra  ^uentheri  

M 

63 

0.012 

0.93 

(Annasigala  Estate,  Ceylon) 

F 

58 

0.113 

0.40 

Uromacer  catesbyi  

M 

66 

0.189 

0.13 

(Hispaniola) 

F 

7 

0.328 

0.47 

Phyllorhynchits  decurtatus  perkirisi  

M 

209 

0.219 

0.0015 

(Desert  San  Diego  County) 

F 

143 

0.115 

0.165 

Elaphe  rufodorsata  

M 

33 

0.205 

0.25 

(Soochow,  China) 

F 

88 

-0.010 

0.95 

Arizona  ele^ans  occidentalis  

M 

49 

0.085 

0.50 

(Desert  San  Diego  County) 

F 

22 

-0.333 

0.13 

Pit  no  phis  catenifer  annectens  

M 

114 

0.086 

0.36 

(Coastal  San  Diego  County) 

F 

119 

-0.147 

0.1 1 

Lam  pro  pelt  is  octulus  calif  orniae  

M 

73 

-0.023 

0.85 

(Coastal  San  Diego  County) 

F 

75 

0.086 

0.46 

Toluca  lineata  varians  

M 

70 

0.259 

0.031 

(Acultzingo,  Veracruz) 

F 

74 

0.085 

0.47 

Sonora  rniniata  linearis  

M 

41 

-0.078 

0.63 

(Laguna  Dam  Island,  Imperial  County) 

F 

55 

0.379 

0.006 

Sonora  occipitalis  annulata  

, M 

141 

0.267 

0.0015 

(Desert  San  Diego  County) 

F 

67 

0.274 

0.023 

T ham  no  phis  hammondii  

. M 

175 

-0.053 

0.48 

(San  Diego  County) 

F 

162 

-0.044 

0.58 

Thamnophis  ordinoides  ordinoides  

M 

77 

0.032 

0.78 

(Vicinity  of  Portland,  Oregon) 

F 

82 

0.211 

0.06 

Thamnophis  ordinoides  biscut  at  us 

..  M 

112 

0.104 

0.27 

(Klamath  Falls,  Oregon) 

F 

105 

0.089 

0.37 

Thamnophis  radix  

..  M 

104 

0.065 

0.51 

(Cook  County,  Illinois) 

F 

72 

0.076 

0.52 
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TABLE  26 
(Continued) 


Series 

Sox 

N 

r 

P 

Conops/s  nasiis  

M 

58 

0.086 

0.52 

(Alvarez,  San  Luis  Potosi) 

F 

66 

0.036 

0.77 

Hyps/gleua  ochrorhynchus  

M 

35 

0.281 

0.10 

(Coastal  San  Diego  County) 

F 

27 

-0.221 

0.27 

Micrnriis  nigrociiictus  iii^rocinctus  ..  .. 

M 

44 

0.063 

0.68 

(Panama  and  Canal  Zone) 

F 

38 

0.123 

0.47 

Micnirns  iii^rociuct7is  divaricafus  

M 

44 

0.293 

0.054 

(Honduras) 

F 

36 

0.250 

0.14 

Agkistrodoii  inokeson  luokeson  

M 

176 

0.128 

0.09 

(Kansas) 

F 

134 

0.205 

0.017 

Bofbrops  insnlaris  

M 

94 

-0.103 

0.32 

(Queimada  Grande  Island,  Brazil) 

F 

106 

0.055 

0.58 

Note: — For  the  sources  and  other  data  on  these 

series  of 

snakes 

see  Bull.  Zool.  Soc.  San 

Diego,  No.  18,  p.  21,  1943. 

Table  26  indicates  that  correlation  1 

between 

ventrals  and 

subcaudals 

is  neither  usual  nor,  when  it  does  occur 

, high. 

in  the 

colubrid 

and  other 

genera  represented.  It  will  be  recalled  that  there  was  no  correlation  in 
the  majority  of  rattlesnake  series  tested,  although  a slight  correlation  was 
indicated  in  some,  especially  the  males.  However,  so  brief  a survey  is  not 
to  be  considered  a proof  that  it  may  not  be  present  to  a considerable  degree 
in  some  genera.  In  fact,  it  is  to  be  noted  that  only  9 out  of  the  48  series 
show  a negative  correlation.  I think  we  may  conclude,  although  few  of 
the  series  show  significant  correlations  in  themselves,  there  is  a slight  posi- 
tive correlation  between  ventrals  and  subcaudals;  but  in  any  event  the 
association  is  low  in  value  and  its  presence  can  be  demonstrated  only  in 
large  series. 

It  should  be  emphasized  that  this  statement  has  reference  to  homo- 
geneous series;  correlation  is  to  be  expected  in  collections  representing 
entire  species,  or  where  sexual  dimorphism  is  neglected.  As  an  example, 
we  may  observe  the  effect  of  neglecting  sexual  dimorphism  in  a study  of 
the  ventral-subcaudal  relationship.  The  following  results  were  secured 
from  twm  small  samples  of  Phyllorhyiichus  browiii  broivni  from  the  vicinity 
of  Tucson,  Arizona,  first  treating  the  sexes  separately,  then  combining 
them : 


N 

;■ 

P 

Males  

13 

+ 0.095 

0.76 

Females  

13 

- 0.010 

0.97 

Sexes  Combined 

26 

- 0.898 

0.0001- 
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We  see  that  separately  the  sexes  show  a very  low  and  non-significant 
correlation  between  the  ventrals  and  subcaudals,  but  when  combined  the 
correlation  is  high  and  significant.  As  is  the  case  when  the  females  have 
more  ventrals  and  fewer  subcaudals  than  the  males,  the  correlation  in  the 
heterogeneous  group  is  negative. 

As  an  example  of  territorial  heterogeneity,  we  take  ten  male  specimens  of 
llypsiglcna  ochrorhynchiis  from  the  coastal  slope  in  San  Diego  County, 
and  a similar  number  from  the  desert  slope.  The  results  are  as  follows: 


N 

r 

P 

Coastal  specimens  

10 

+ 0.090 

0.81 

Desert  specimens  

10 

+ 0.221 

0.54 

Both  series  

20 

+ 0.793 

0.0001- 

Again  we  see  that,  while  no  significant  correlation  is  evident  in  either 
homogeneous  sample  separately,  the  heterogeneous  combination  shows  a 
high  and  significant  positive  correlation,  for  the  desert  specimens  are 
higher  than  the  coastal  in  both  ventrals  and  subcaudals. 

The  question  may  be  asked:  Why  should  one  be  critical  of  these  results 
of  heterogeneity,  since  the  fact  remains  that  correlation  is  proven,  which 
was  the  original  purpose  of  the  inquiry?  However,  it  should  be  observed 
that  in  the  first  example  we  have  merely  demonstrated  the  existence  of 
sexual  dimorphism  by  a very  cumbersome  and  laborious  method;  in  the 
second,  we  have  demonstrated  the  existence  of  correlated  territorial  trends 
or  dines.  This  latter  is  a worthwhile  subject  for  investigation,  but  should 
not  be  confused  with  simple  character-correlation  in  homogeneous  series. 

A third  case  of  heterogeneity  is  one  in  which  a sample  thought  to  be 
homogeneous  is  really  a mixture  of  two  species  superficially  much  alike. 
For  example,  in  coastal  central  California  one  must  have  some  experience 
with  the  garter  snakes  to  be  always  accurate  in  segregating  T ham  no  phis 
si','/ alls  inferualis  from  Thamnophis  ordinoides  atratus.  They  overlap  con- 
siderably in  both  ventrals  and  subcaudals,  for  which  reason  these  characters 
cannot  be  used  unfailingly;  and  generally  one  employs  a combination  of 
supralabials,  proportionate  tail  length,  eye  diameter,  and  pattern  in  reach- 
ing a decision.  But  T . s.  infernalis  averages  somewhat  higher  in  both 
ventrals  and  subcaudals,  so  that  correlation  will  result  if  mistakes  be 
made  in  identification. 

To  show  how  such  misidentifications  can  produce  a high  fictitious 
correlation,  I present  the  statistics  of  two  small  series  of  males  from  Santa 
Clara  County,  first  taking  the  species  separately,  and  then  combining 
them. 


N 

r 

P 

T.  s.  infernal  is  

10 

0.292 

0.42 

T.  0.  atratus  

10 

0.094 

0.80 

Species  combined 

20 

0.758 

0.0001 
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Thus  It  is  seen  that,  although  properly  segregated  samples  show  no  signifi- 
cant correlation  between  ventrals  and  subcaudals,  the  mixture  evidences  a 
high  and  significant  positive  correlation. 

Related  to  the  ventral-subcaudal  relationship  is  the  location  of  the  navel 
in  young  snakes,  as  measured  by  the  number  of  ventral  scutes  between 
the  navel  and  the  anal  plate.  Dunn^^  gives  the  necessary  counts  of  a brood 
of  Nafr/x  sipedoii.  I find  no  correlation  between  the  total  ventrals  and 
the  navel-to-anal  count  (r=  0.086,  P-0.66),  but  there  is  correlation 
between  the  subcaudals  and  the  navel  location  (r=  0.539,  P = 0.0027); 
thus  the  higher  the  number  of  subcaudals,  the  closer  the  navel  is  to  the 
anal  plate.  But  I suspect  that  this  results  from  sexual  dimorphism.  Dunn 
did  not  segregate  the  sexes  of  his  brood.  If  we  make  a tentative  segregation 
based  on  the  number  of  subcaudals,  the  correlation  in  each  group,  sepa- 
rately, disappears  (males,  r=  0.120,  ? = 0.74;  females,  r = -0.184,  P=  0.45). 

Ventrals  and  subcaudals  are  the  only  scale  counts  which,  in  many 
coJubrid  genera,  have  sufficient  degrees  of  variation  to  involve  possible 
correlations.  Most  of  the  characters  upon  which  herpetological  classification 
is  based,  are  either  invariant  in  homogeneous  colubrid  series  or  take,  at 
best,  only  two  or  three  values. 

In  the  important  character  of  dorsal  scale  rows,  for  example,  many 
species  are  quite  or  almost  without  variation,^'*  Occasionally  there  may 
be  a fairly  even  division,  in  some  areas,  between  two  values;  but  it  is 
exceptional  in  the  colubrids,  for  the  scale  rows  in  a homogeneous  - series 
to  take  three  or  more  possible  values.  Pitnophis  is  such  an  exception.  The 
same  strictures  apply  to  the  various  head  scales,  including  the  labials,  ocu- 
lars, loreals,  and  temporals.  Occasionally  some  other  head  scales  are  suffi- 
ciently variable  to  permit  a study  of  this  type,  such  as  the  prefrontals  in 
Pituopbis.  But  I think  the  differences  between  genera  are  such  as  to  pre- 
clude the  possibility  of  attempting  to  find  family  trends,  as  was  done  in 
the  case  of  the  ventrals  and  subcaudals;  rather,  each  genus  must  be  con- 
sidered separately  to  determine,  for  each  pair  of  characters,  whether  there 
are  sufficient  degrees  of  variation  to  warrant  an  investigation  of  correlation. 

In  cases  where  both  the  variates  take  separate  values  on  the  opposite 
sides  of  the  body,  each  side  can  be  considered  separately,  or  both  sides  may 
be  combined  into  a single  table.  However,  where  a dual  character  is 
matched  with  one  which  can  take  only  one  value  (supralabials  with 
ventrals,  for  example)  then  the  sum  of  the  sides  is  used  as  a single  entry 
representing  the  dual  character. 

Occasionally  both  characters  take  only  one  of  two  numerical  values; 
in  such  instances  a four-fold  table  may  be  employed.  But  these  cases  are 
comparatively  few;  for,  as  I have  stated,  where  a variable  is  divided,  with 

E.  R.  Dunn:  The  Variations  of  a Brood  of  Watersnakes.  Proc.  Biol.  Soc.  Washington, 
Vol.  28,  pp.  61-68,  1915. 

For  examples  see  Bull.  Zool.  Soc.  San  Diego,  No.  17,  p.  10,  1941. 
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a fair  degree  of  equality,  between  two  numerical  values,  there  are  almost 
sure  to  be  occasional  appearances  of  third  and  even  fourth  values,  thus 
eliminating  the  opportunity  to  use  a2x2orRx2  table.  Of  course,  it  is 
possible  to  revert  to  an  R x C table  and  a chi-square  determination  of 
whether  the  arrangement  is  a random  one.  While  this  involves  a simpler 
procedure  than  that  of  a correlation  study  and  does  not  presuppose  nor- 
mality of  distribution  of  the  variates,  it  does  not  give  as  complete  an 
answer  respecting  the  interrelationship,  since  it  tells  only  whether  the 
distribution  is  random.  Table  27,  showing  the  relationship  between  infra- 
labials and  first  temporals  in  P.  d.  perkinsi,  is  an  example  of  a distribution 
in  which  a chi-square  test  supplies  an  adequate  negative  answer.  Here 
P - 0.91,  so  there  is  no  indication  of  other  than  a random  or  chance  arrange- 
ment of  the  variates  and  no  correlation  is  evident.  Indeed,  this  result  is 
indicated,  without  the  formality  of  calculation,  by  the  fact  that  the 
proportion  of  specimens  having  two  temporals,  relative  to  those  with  three, 
remains  practically  unchanged  as  the  infralabials  increase  from  7 to  9. 


TABLE  27 

Borego  Series  of  Phyllorhynchtis  deciirfafus  perkitisi: 
Correlation  between  the  Infralabials  on  One  Side  of  the  Head 
and  the  First  Temporals  on  the  Same  Side 


First  Infralabials 

Tern-  

porals  6 7 8 9 10  Total 

1  2 2 

2 21  125  157  4 307 

3 1 30  1 50  184  4 369 

4 9 10  1 20 

5 1 1 

Total  1 51  287  3 5 1 9 699 


Returning  to  correlation  tests  as  such.  Tables  2 8 to  3 0 present  the  results 
of  investigating  some  of  the  many  combinations  possible  in  one  boid 
and  two  colubrid  genera.  As  previously  mentioned,  the  selections  had  to 
be  limited  to  characters  having  fairly  wide  variations,  that  is,  taking  not 
less  than  three  (and  preferably  more)  numerical  values.  All  distributions 
are  unimodal  and  probably  approach  normality,  excepting  the  scale  rows, 
in  which  odd  numbers  predominate.  These  boid  and  colubrid  correlations  in 
Tables  2 8 to  30  may  be  compared  with  the  crotalid  results  set  forth  in 
Tables  19  to  22.  It  has  been  impossible,  in  the  studies  of  the  harmless  snakes, 
to  concentrate  on  a single  species  or  genus  as  was  done  with  the  rattlers, 
since  no  colubrid  species  has  so  much  variability  in  all  characters  of 
lepidosis.  Of  the  forms  of  which  I have  adequate  series  of  scale  counts, 
and  which  likewise  fulfill  the  requirement  of  having  considerable  character 
variations  within  homogeneous  series,  the  three  which  supply  the  data  for 
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Tables  2 8 to  3 0,  Lichatrura  roseofiisca  roseofnsca,  Pifuoph/s  catcnifer  an- 
ricctens,  and  Phyllorhyiichus  deciirtatus  perkirtsi,  are  outstanding. 

In  these  tables  I have  repeated  the  data  on  the  ventral-subcaudal  and 
supralabial-infralabial  correlations  previously  discussed,  in  order  that  the 
tables  may  be  complete  in  themselves.  It  has  been  necessary  to  segregate 
the  sexes  in  every  correlation  pair  if  either  character  is  sexually  dimorphic 
to  any  considerable  degree;  this  has  not  been  necessary  in  Lichamira  since 
the  ventral  counts  do  not  exhibit  a conspicuous  sexual  dimorphism.  It 
will  be  observed  that  the  pairs  of  characters  in  the  three  tables  do  not 
correspond.  This  is  because  some  of  the  characters  which  have  sufficient 
variability  in  one  species  to  warrant  study  are  constant,  or  substantially  so, 
in  the  others.  The  possible  character-combinations  in  P.  c.  annectcns,  have 
been  by  no  means  exhausted  in  Table  30. 

In  these  tables  N represents  the  number  of  cases  rather  than  the  number 
of  specimens;  thus  if  there  be  two  counts  of  both  characters  per  specimen, 
iV  is  double  the  number  of  specimens.  The  fact  that  N fluctuates  slightly  in 
a series,  results  from  the  lack  of  certain  counts,  either  through  blemishes 
on  a specimen  or  a failure  to  make  complete  counts  when  the  snake  was 
available. 


Of  the  characters  peculiar  to  certain  species,  the  variable  prefrontals 
in  P.  r.  aniicctens  have  already  been  mentioned.  In  determining  these, 
all  scales  in  the  prefrontal  area  have  been  counted,  including  those  often 
referred  to  as  azygos.  Another  unusual  variable  is  the  loreals  of  L.  r.  roseo- 
fnsca-, in  this  genus  a horizontal  suture  divides  the  loreals  into  an  upper  and 
lower  group,  each  of  which  is  variable.  In  pairing  with  other  characters 
I have  taken  all  the  loreals  on  a side  as  a unit;  but  a check  was  made  of 
the  correlation  between  the  upper  and  lower  loreals  taken  separately. 
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TABLE  2 8 

San  Diego  County  Series  of  Lichanura  roseofiisca  roseofusca: 
Correlations  in  Pairs  of  Scale  Counts 


N 

r 

P 

Scale  rows  and  ventrals  

81 

0.121 

0.28 

Scale  rows  and  subcaudals  

, 70 

0.112 

0.49 

Scale  rows  and  sum  of  supralabials  

92 

0.195 

0.06 

Scale  rows  and  sum  of  infralabials  

93 

0.205 

0.05 

Scale  rows  and  total  loreals  

93 

0.190 

0.08 

Scale  rows  and  total  oculars  

100 

0.164 

0.10 

Ventrals  and  subcaudals  

..  72 

-0.133 

0.27 

Ventrals  and  sum  of  supralabials  

91 

0.027 

0.80 

Ventrals  and  sum  of  infralabials  

93 

0.128 

0.22 

Ventrals  and  total  loreals  

91 

-0.014 

0.90 

Ventrals  and  total  oculars  

99 

0.025 

0.81 

Subcaudals  and  sum  of  supralabials  

82 

0.189 

0.10 

Subcaudals  and  sum  of  infralabials  

83 

0.316 

0.004 

Subcaudals  and  total  loreals  

..  79 

0.237 

0.035 

Subcaudals  and  total  oculars  

81 

0.256 

0.021 

Supralabials  and  infralabials  

190 

0.463 

0.0001 

Supralabials  and  loreals  (upper  plus  lower). 

186 

0.353 

0.0001 

Supralabials  and  oculars  

188 

0.199 

0.005 

Infralabials  and  loreals  (upper  plus  lower)  . . 

186 

0.210 

0.004 

Infralabials  and  oculars  

190 

0.378 

0.0001 

Loreals  (upper  plus  lower)  and  oculars  

189 

0.192 

0.008 

Upper  loreals  and  lower  loreals 

186 

-0.355 

0.0001 
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TABLE  29 

Borego  Series  of  Phyllorhynchus  dccurtatiis  perkinsi: 
Correlations  in  Pairs  of  Scale  Counts 


N 

r 

P 

Ventrals  and  subcaudals,  males  

209 

0.219 

0.0015 

Ventrals  and  subcaudals,  females  

143 

0.115 

0.17 

Ventrals  and  sum  of  supralabials,  males  

207 

-0.028 

0.69 

Ventrals  and  sum  of  supralabials,  females 

143 

0.024 

0.77 

Ventrals  and  sum  of  infralabials,  males  

207 

0.147 

0.034 

Ventrals  and  sum  of  infralabials,  females  

144 

0.046 

0.58 

Ventrals  and  sum  of  loreals,  males  

210 

-0.006 

0.93 

Ventrals  and  sum  of  loreals,  females  

145 

0.100 

0.23 

Ventrals  and  sum  of  first  temporals,  males 

208 

0.127 

0.067 

Ventrals  and  sum  of  first  temporals,  females.  .. 

143 

0.010 

0.91 

Ventrals  and  sum  of  oculars,  males  

209 

0.076 

0.28 

Ventrals  and  sum  of  oculars,  females  

143 

-0.035 

0.67 

Subcaudals  and  sum  of  supralabials,  males 

206 

-0.006 

0.94 

Subcaudals  and  sum  of  supralabials,  females. 

142 

0.010 

0.91 

Subcaudals  and  sum  of  infralabials,  males 

207 

0.071 

0.31 

Subcaudals  and  sum  of  infralabials,  females.. 

142 

-0.063 

0.45 

Subcaudals  and  sum  of  loreals,  males  

209 

-0.089 

0.20 

Subcaudals  and  sum  of  loreals,  females  

143 

0.001 

0.99 

Subcaudals  and  sum  of  first  temporals,  males.  . 

207 

0.156 

0.025 

Subcaudals  and  sum  of  first  temporals,  females.. 

141 

-0.085 

0.31 

Subcaudals  and  sum  of  oculars,  males  

209 

0.116 

0.10 

Subcaudals  and  sum  of  oculars,  females  

141 

0.069 

0.42 

Supralabials  and  infralabials  

674 

0.192 

0.0001- 

Supralabials  and  loreals  

700 

0.097 

0.10 

Supralabials  and  first  temporals  

699 

0.025 

0.51 

Supralabials  and  oculars  

699 

0.011 

0.77 

Infralabials  and  loreals  

705 

0.105 

0.005 

Lafralabials  and  first  temporals  

699 

-0.005 

0.90 

Infralabials  and  oculars  

699 

0.129 

0.008 

Loreals  and  first  temporals  

705 

0.043 

0.24 

Loreals  and  oculars  

705 

0.034 

0.37 

First  temporals  and  oculars 

703 

0.034 

0.37 

First  temporals  and  second  temporals  

704 

0.009 

0.81 

Bulletin  21:  Zoological  Society  of  San  Diego 


5 2 


TABLE  30 


San  Diego  County  Series  of  Pit  no  phis  catenifer  anncctens-. 
Correlations  in  Pairs  of  Scale  Counts 

N r P 


Scale  rows  and  ventrals,  males 

158 

0.089 

0.27 

Scale  rows  and  ventrals,  females  

154 

0.095 

0.24 

Scale  rows  and  sum  of  supralabials 

316 

0.109 

0.053 

Scale  rows  and  sum  of  infralabials 

314 

0.187 

0.0006 

Scale  rows  and  prefrontals  

203 

0.207 

0.003 

Ventrals  and  subcaudals,  males 

114 

0.086 

0.36 

Ventrals  and  subcaudals,  females  

119 

-0.147 

0.11 

Supralabials  and  infralabials  

643 

0.243 

0.0001- 

Supralabials  and  loreals  

648 

0.012 

0.76 

Supralabials  and  preoculars  

647 

0.075 

0.056 

Supralabials  and  postoculars  

648 

0.237 

0.0001- 

Supralabials  and  first  temporals  

555 

0.074 

0.080 

Sum  of  supralabials  and  prefrontals  

206 

0.219 

0.0016 

Infralabials  and  preoculars  

646 

0.153 

0.0001 

Infralabials  and  postoculars  

646 

0.197 

0.0001- 

Sum  of  infralabials  and  prefrontals  

205 

0.202 

0.004 

Loreals  and  preoculars  

648 

0.151 

0.0001 

Sum  of  loreals  and  prefrontals  

206 

0.082 

0.24 

Preoculars  and  postoculars  

646 

0.105 

0.008 

Sum  of  preoculars  and  prefrontals  

206 

0.318 

0.0001- 

Postoculars  and  first  temporals  

553 

0.216 

0.0001- 

Sum  of  postoculars  and  prefrontals  

205 

0.127 

0.07 

Sum  of  first  temporals  and  prefrontals  

205 

0.137 

0.013 

First  temporals  and  second  temporals  

436 

0.447 

0.0001- 

In  studying  the  results  of  Tables  2 8 to  3 0 it  is  apparent  that  while  many 
pairs  show  a correlation  both  low  in  value  and  lacking  in  significance,  a 
preponderance  of  the  determinations  are  positive.  This  can  hardly  be  the 
result  of  chance  and  suggests  that  a positive  correlation,  although  by  no 
means  of  high  value,  is  the  rule.  Since  correlation  can  be  shown  to  exist  in 
widespread  populations,  it  may  be  that  these  correlations  result  from  slight 
differentiations  already  begun,’  under  the  topographic  and  ecologic  vari- 
ability which  characterizes  San  Diego  County. 

In  analyzing  the  results  of  these  investigations,  if  we  consider  only  those 
pairs  which  show  a correlation  both  significant  {P  = 0.0  5 or  less)  and  of  an 
appreciable  value  (r  = 0.1 5 or  greater) , and  further  eliminating  the  ventral- 
subcaudal  and  supralabial-infralabial  pairs  already  discussed,  we  find  that 
comparatively  few  remain  for  such  consideration. 
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In  L.  r.  roscofmca  there  is  correlation  between  the  scale  rows  and  infra- 
labials, and  the  same  is  true  in  P.  c.  annectens,  a condition  which  was  like- 
wise found  present  in  Crofalns.  While  in  Lichamira  and  Pifiiophis  the  scale- 
rov/-supralabial  correlation  is  not  quite  significant,  within  the  limit  I have 
set  (P  = 0.05),  it  is  nearly  so,  and  with  larger  samples  would  probably 
verify  the  condition  usually  found  to  exist  among  the  rattlesnakes.  I think 
we  may  conclude  that  there  is  a definite  tendency  toward  correlation 
between  scale  rows  and  labials  among  snakes  in  general. 

An  interesting  situation  in  Lichannra  is  the  consistent  correlation  be- 
tween the  head  scales  when  taken  in  pairs,  that  is,  the  supralabials,  infra- 
labials, loreals,  and  oculars.  Also  in  this  genus  we  have  a negative  correla- 
tion between  the  upper  and  lower  loreals,  as  if  an  increase  in  one  tended 
to  crowd  out  the  other. 


Phyllorhy/icbus  d.  perkinsi  is  notable  for  the  apparent  lack  of  correlations 
which  come  within  the  arbitrary  limits  I have  fixed.  Only  one  (beyond 
the  ventral-subcaudal  and  supralabial-infralabial  pairs)  is  evident,  this 
being  the  subcaudals  and  first  temporals  in  the  males  only.  This  is  probably 
a quite  fortuitous  result,  as  it  is  not  validated  in  the  females. 


In  P.  r.  annectens,  (aside  from  the  pairs  already  discussed)  the  following 
show  significant  and  important  correlations: 


Scale  rows  and  prefrontals 
Supralabials  and  postoculars 
Supralabials  and  prefrontals 
Infralabials  and  preoculars 
Infralabials  and  postoculars 
Infralabials  and  prefrontals 
Loreals  and  preoculars 
Preoculars  and  prefrontals 
Postoculars  and  first  temporals 


As  in  Lichannra,  and  among  the  rattlesnakes,  we  see  here  a tendency  of 
adjacent  groups  of  head  scales  to  be  correlated,  as,  for  example,  loreals  with 
preoculars,  and  postoculars  with  first  temporals.  There  is  often  correlation 
between  the  labials  and  other  head  scales,  but  this  is  not  universal. 


The  seeming  inconsistency  in  the  temporals,  with  P.  c.  annectens  show- 
ing a rather  high  (r  = 0.447)  correlation  between  the  first  and  second 
series,  while  P.  d.  perkinsi  has  none,  is  evidenced  in  several  other  snakes  as 
shown  by  the  following: 


Lanipropeltis  getnlus  calif ornice 
(Western  San  Diego  County) 

Arizona  elegans  occidentalis 
(Desert  San  Diego  County) 

Khinocheilns  lecontei  lecontei 
(Western  San  Diego  County) 


N 

r 

P 

1008 

0.058 

0.066 

152 

0.130 

0.110 

130 

0.432 

0.0001- 
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Evidently  the  first  and  second  temporals  in  homogeneous  series  of  colu- 
brids  are  sometimes  correlated  and  sometimes  not. 

A group  of  head  scales  which  will  occasionally  be  found  of  use  in  differ- 
entiating species  comprises  the  scales  contacting  each  parietal,  from  the 
mid-dorsal  line  to  the  postocular.  In  a series  of  Lam prf)[)cltis  g.  calif ornhp 
from  San  Diego  County,  these  scales  were  correlated  with  the  first  tem- 
porals with  the  following  results:  N ~ 200;  r — 0AS2;  P = 0.032. 

Another  character  sometimes  used  is  the  number  of  gulars  between  the 
commissure  and  the  ventrals.  The  same  specimens,  correlating  this  char- 
acter with  the  infralabials,  produced  the  following:  iV  = 200;  r=  0.119; 
P-  0.086. 

It  has  been  mentioned  that  Pit  no  phis  is  one  of  the  few  colubrid  genera 
having  sufficient  scale-row  variability  to  permit  a study  of  scale-row 
correlations.  In  a series  of  100  P.  c.  annectens  from  western  San  Diego 
County,  the  dorsal  scale  rows  were  counted  at  the  neck,  at  mid-body,  just 
anterior  to  the  anus,  and  at  mid-tail.  The  correlation  coefficients  of  these 
pairs  of  counts  were  as  follows: 

Mid-body  .Anus  Mid-tail 


Neck  0.516  0.458  0.142 

Mid-body 0.548  —0.061 

Anus  . 0.183 


The  three  body  counts  are  all  correlated  with  each  other  to  a marked 
degree,  and  all  coefficients  are  highly  significant  (P  below  0.0001).  The 
count  at  mid-tail  is  not  significantly  correlated  with  any  body  count, 
although  the  anus  to  mid-tail  pair  approaches  significance  (P  = 0.07). 

These  results  differ  considerably  from  those  in  a series  of  rattlesnakes 
(p.  37)  in  which  the  body  correlations  were  less  marked,  and  the  anal- 
tail  correlation  was  significant. 

It  can  be  shown  by  the  method  of  partial  correlation  that  the  net 
partial  coefficients  between  the  three  body  counts  in  this  series  of  gopher 
snakes,  the  mid-tail  counts  being  neglected,  are  as  follows:  Neck  to  mid- 
body, 0.3  5 6;  mid-body  to  anal,  0.409;  neck  to  anal,  0.244.  Although 
materially  reduced  in  value,  as  compared  to  the  unadjusted  coefficients,  all 
remain  significant;  however,  they  are  not  significantly  different  from  each 
other,  even  though,  as  would  be  expected,  the  most  widely  separated  counts 
are  less  closely  correlated  than  those  which  are  contiguous. 

The  correlation  between  the  lengths  of  different  dropped  rows  may  be  of 
interest.  Dr.  James  Oliver  has  given  me  the  counts  on  13  male  specimens  of 
Lepfophis  diplofropis  from  Tehuantepec,  Oaxaca,  Mexico.  In  these  snakes 
the  fifth  and  sixth  rows  coalesce,  and  likewise  the  third  and  fourth.  The 
number  of  the  ventral  scale  opposite  which  each  suppression  occurs  was 
recorded.  It  was  found  that  there  is  a positive  correlation  (r=  0.501), 
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between  the  two  points  of  suppression.  Similarly  in  Thamnophis  ordinoides 
hhcntatns  Dr.  Henry  S.  Fitch  has  supplied  me  with  the  body  positions  at 
Vv'hich  the  sixth  and  fourth  lateral  rows  are  suppressed.  I find  the  correlation 
between  the  points  of  suppression  to  be  0.3  89  in  the  males  and  0.596  in 
the  females.  All  of  these  values  are  significant.  There  is  no  question  that 
the  positions  of  suppression  of  different  lateral  scale  rows  are  correlated  in 
these  species.  But  there  seems  to  be  no  correlation  between  points  of  sup- 
pression and  total  ventrals. 

Correlations  in  Lizard  Scales 

Lizard  scale  counts  are  not  so  often  used  in  classification  as  those  of 
snakes,  probably  because  of  the  presence  of  other  satisfactory  characters 
for  differentiation  not  found  in  the  snakes.  Also,  in  some  of  the  series  it  is 
quite  difficult  to  fix  the  terminations  of  the  counts  by  definition,  so  that 
different  investigators  may  not  reach  the  same  conclusion  with  respect 
to  a single  count,  or  specimen.  There  is  often  an  irregularity  of  arrange- 
ment which  makes  accurate  counting  difficult.  Nevertheless,  one  may 
hazard  the  guess  that  future  lizard  studies  will  tend  to  lean  more  heavily 
on  numerical  scale  counts  for  validating  differences. 

The  great  number  of  variable  scale  characters  in  the  lizards  offers  a fruit- 
ful field  for  correlation  studies,  since  many  pairs  of  variables  are  available  in 
most  species.  As  an  example,  the  ventrals,  when  correlated  with  the  sums 
of  the  lamellfe  on  the  fourth  toe  in  120  specimens  of  Cnemidophonis  t. 
tesscllatus  from  the  Gila  Valley,  Arizona,  gave  the  result  r=0.162,  P = 0.077. 
Here  we  have  a low  correlation  of  doubtful  significance. 

Table  31  shows  correlations  calculated  from  the  scale  counts  of  Galapagos 
lizards  of  the  genus  Tropidiiriis,  as  given  by  Van  Denburgh  and  Slevin."** 
It  will  be  observed  that  significant  correlation  of  a moderate  order  is  the 
rule,  although  not  present  in  two  of  the  pairs  of  characters  in  the  James 
Island  population.  In  two  subspecies  the  scale  rows  show  the  highest  correla- 
tion with  the  belly  scales,  but  this  is  not  the  case  with  T.  delanonis  of  Hood 
Island.  This  may  be  due  to  the  fact  that  sexual  dimorphism  is  indicated 
(especially  in  the  crest)  in  this  form,  but  not  in  the  others. 

Another  series  of  scale  counts  is  given  by  Boulenger.“^  I have  calculated 
the  correlations  between  five  scale  characters  taken  in  pairs,  using  20 
specimens  of  each  sex  of  Lacerta  laevis  from  Damascus.  The  results  are 
shown  in  Table  32.  Of  the  ten  combinations  tested,  only  one,  scales  across 
mid-body  and  the  gular  scales  in  a longitudinal  series,  is  significant  at  the  5 
per  cent  level,  when  the  sexes  are  treated  separately,  and  this  in  the  males 
only.  When  the  sexes  are  combined  (using  Fisher’s  z-transformation)  two 
combinations  show  significant  correlations,  the  one  already  mentioned,  and 
the  collar  plates  and  longitudinal  gulars.  But  none  of  these  correlations  is 

Proc.  Cal.  Acad.  Sci.,  Fourth  Series,  Vol.  2,  pp.  1 33-202,  191  3. 

Monograph  of  the  Lacertidae,  Vol.  1,  p.  305,  1 920. 
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particularly  high.  1 judge  the  irregularity  in  the  arrangements  of  most  of 
the  scale  series  in  lizards  inhibits  correlation  except  in  groups  of  adjacent 
scales.  Th  is  remark,  however,  applies  only  to  territorially  homogeneous 
senes. 


TABLE  3 1 


Galapagos  Lizards  of  the  Genus 

T rapid  unis: 

Correlations  in  Pairs  of  Scale 

• Counts 

7*.  a.  albcmarlemis,  James  Islanci 

N 

r 

P 

Scale  rows  and  crest  

149 

0.081 

0.33 

Scale  rows  and  belly  scales  

155 

0.326 

0.0001- 

Crest  and  belly  scales  

149 

0.072 

0.39 

T.  a.  harringtonensh,  Barrington  Island 

Scale  rows  and  crest  

130 

0.194 

0.028 

Scale  rows  and  belly  scales  

129 

0.343 

0.0001 

Crest  and  belly  scales  

130 

0.217 

0.013 

T.  delanon'n,  Hood  Island 

Scale  rows  and  crest  

137 

0.256 

0.0027 

Scale  rows  and  belly  scales  

137 

0.171 

0.044 

Crest  and  belly  scales  

137 

0.263 

0.0020 

TABLE  32 

Lacerta  laev/s  from  Damascus: 

Correlations  in  Pairs  of  Scale  Counts 

(20  specimens  of  each  sex) 

Sexes 

Pairs  of  Scale  Counts 

Males 

Females 

Combined 

Scales  across  mid-body  and  transverse  ventral  scutes 

-0.0  5 7 

-0.139 

-0.099 

Scales  across  mid-body  and  collar  plates  

0.132 

0.111 

0.121 

Scales  across  mid-body  and  longitudinal  gulars  

0.5  86=- 

0.215 

0.418=' 

Scales  across  mid-body  and  lamellae  on  4th  toe 

-0.190 

0.142 

-0.020 

Transverse  ventral  scutes  and  collar  plates  

0.149 

-0.254 

-0.055 

Transverse  ventral  scutes  and  longitudinal  gulars 

-0.144 

-0.264 

-0.205 

Transverse  ventral  scales  and  lamellx  on  4th  toe 

-0.273 

0.065 

-0.108 

Collar  plates  and  longitudinal  gulars  

0.217 

0.430 

0.328=' 

Collar  plates  and  lamella;  on  4th  toe 

0.236 

0.054 

0.147 

Longitudinal  gulars  and  lamella;  on  4th  toe 

0.006 

0.197 

0.103 

Signiticant  at  the  5 per  cent  level. 
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Correlations  in  Pattern 

A correlation  between  the  numbers  of  body  and  tail  marks  of  blotched  or 
ringed  snakes  is  obviously  to  be  expected.  The  extent  of  such  correlations, 
found  in  seven  example  forms,  is  presented  in  Table  3 3.  In  this  table,  since 
the  correlations  are  relatively  high,  compared  with  most  of  those  hitherto 
discussed,  I have  likewise  entered  a and  h,  the  coefficients  of  the  regression 
equations,  and  s,  the  standard  error  of  estimate.  In  these  determinations  the 
body  blotches  have  been  considered  the  independent  variable  and  the  tail 
rings  dependent.  Thus  the  regression  equations  are  of  the  form 

tail  rings  = <?  + /?  times  body  blotches, 
the  values  of  these  coefficients  being  set  forth  in  the  table. 

For  purpose  of  graphic  illustration,  Table  34  is  presented  to  show  the 
nature  of  the  correlation  in  Lam propelfis  getiilns,  calif orniae,  one  of  the 
subspecies  considered. 

It  would  appear  logical  to  expect  the  closest  correlations  between  body 
and  tail  blotches  in  species  wherein  the  tail  blotches  are  most  variable  and 
therefore  freer  to  follow  variations  in  the  body  blotches.  Since  the  tail 
variations  will  be  greater  numerically  (assuming  substantially  equal  co- 


TABLE  3 3 


Correlations  between  Body  Blotches  and  Tail  Rings 


Scries 

Sex 

N 

r 

a 

b 

s 

Crotahis  v.  liridis  

M 

438 

0.424 

4.08 

0.131 

0.98 

(Platteville  series) 

F 

391 

0.283 

3.80 

0.084 

0.94 

Crotahis  v.  oreganns  

M 

326 

0.161 

3.69 

0.054 

0.76 

(Pateros  series) 

F 

290 

0.159 

2.94 

0.046 

0.66 

Phyllorhynchiis  d.  perkinsi  

M 

207 

0.346 

2.29 

0.120 

1.27 

(Desert  San  Diego  County) 

F 

143 

0.336 

1.33 

0.095 

1.23 

Arizona  e.  occidentalis 

M 

42 

0.635 

1.53 

0.281 

2.05 

(Desert  San  Diego  County) 

F 

22 

0.519 

5.18 

0.206 

2.03 

Vituophis  c.  annectens  

M 

142 

0.637 

2.07 

0.299 

2.08 

(Coastal  San  Diego  County) 

F 

136 

0.654 

6.09 

0.220 

1.70 

Lam  pro  pelt  is  g.  cal  if  orniae 

M 

92 

0.621 

1.45 

0.244 

0.81 

(Ringed  phase;  coastal 

F 

93 

0.468 

2.69 

0.177 

0.78 

San  Diego  County) 

Sonora  o.  annulata 

M 

149 

0.469 

2.64 

0.216 

0.89 

(Desert  San  Diego  County) 

F 

72 

0.556 

1.73 

0.212 

0.88 

Note  on  the  significance  of  r:  All 

values 

of  P are 

below  0.0001,  V 

/ith  the 

exception  of 

the  value  for  the  females  of  A.  c. 

occidet 

'italis,  in 

which  case  P = 

0.014, 

the  males  of 

C.  f.  oreganus  wherein  P z=  0.004,  and  the 

females  of  the  same  series, 

in  which  P = 0.007. 
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TABLE  34 

Coastal  San  Diego  Covinty  Series  of 
Lampropeltis  gctiilns  californiac  (Ringed  Phase)  : 

Correlation  between  Body  Rings  and  Tail  Rings 


Males 


Body 

Rings 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 


6 

1 


1 


1 


Tail  Rings 

7 8 .9  10 


1 

1 

4 1 1 

6 2 1 

5 7 2 

16  3 1 

3 10  9 

1 3 3 

1 4 

4 1 

2 1 

1 1 1 

1 


Total 


22 


34  24 


Calculated  coefficient  of  correlation,  0.621. 


11 


1 


1 


Total 

1 

1 

2 

6 

9 

14 

12 

22 

7 

5 

6 
3 
3 

1 

92 


Females 


Body 

Rings 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 
3 3 


Tail  Rings 

6 7 8 9 10 

3 1 

1 

6 7 2 

9 4 

3 6 7 2 

1 3 8 

15  5 1 

4 3 1 

2 2 

1 1 2 

1 

1 


Total  14  40  32 

Calculated  coefficient  of  correlation,  r = 


5 2 

+ 0.468. 


Total 

4 

1 

15 

13 

18 

12 

12 

8 

4 

4 

1 

1 

93 
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efficients  of  variation),  the  higher  the  number  of  tail  marks,  it  might 
further  be  expected  that  the  higher  the  ratio  of  tail  rings  to  body  blotches — 
virtually  concomitant  with  greater  proportionate  tail  length — the  higher 
will  be  the  correlation  between  the  two  sets  of  blotches.  This  is  found 
actually  to  be  the  case,  for  the  long-tailed  snakes  show  a higher  correlation 
between  body  and  tail  blothes  than  those  with  proportionately  shorter  tails. 
In  fact,  with  three  exceptions  (Phyllorbyncbiis  and  Pifuopbis  females,  and 
Sonora  males)  all  the  determinations  fall  close  to  a value  r found  by 
multiplying  the  ratio  of  tail  rings  to  body  blotches  by  1.9.  Obviously,  this 
relationship  could  not  continue  to  be  maintained  indefinitely  into  the  higher 
values,  since,  with  a tail-blotch  count  somewhat  more  than  half  the  body 
blotches,  r would  exceed  unity,  an  evident  impossibility.  I regret  not  having 
available  any  large  series  of  long-tailed,  blotched  snakes  to  test  whether 
this  relationship  would  be  substantiated  for  higher  values  of  the  tail-length 
ratio.  However,  it  is  to  be  remembered  that  attenuated,  blotched  snakes  are 
rather  unusual,  for  most  slim  and  long-tailed  snakes  are  either  striped  or 
unicolor. ““ 

The  correlation  between  body  blotches  and  tail  rings  in  the  rattlers  is 
not  of  particular  interest,  because  of  their  foreshortened  tails,  for  which 
reason  I have  made  calculations  of  only  two  series  (Table  33).  C.  v.  viridis 
has  a considerably  higher  number  of  tail  rings  (about  70  per  cent  more) 
than  C.  V.  oreganus,  which  accounts  for  the  higher  correlation  in  the  former. 
The  range  of  variation  in  the  latter  is  so  small  that  the  rings  cannot  be 
expected  to  follow  closely  the  variations  in  the  body  blotches. 

I have  made  a few  cross-correlations  between  scale  counts  and  what 
might  be  considered  the  corresponding  elements  of  pattern — that  is,  ventrals 
with  body  blotches,  and  subcaudals  with  tail  rings.  The  results  are  shown 
In  Table  3 5.  It  will  be  noted  that  there  Is  a significant  correlation  between 
ventrals  and  body  blotches  in  only  one  case  out  of  fourteen  (L.  g.  calif orniae 
males),  and  this  is  negative.  Half  the  correlations  found  are  negative,  half 
positive.  With  such  a divergence  in  trends  I conclude  that  correlation  be- 
tween these  characters  is  quite  uncommon  in  homogeneous  series. 

On  the  other  hand,  ten  out  of  fourteen  correlations  between  subcaudals 
and  tail  rings  proved  significant,  and  most  of  them  rather  substantial  in 
value.  It  should  be  observed  that  if,  through  error,  any  incomplete  tails 
were  included  in  a compilation  of  this  kind,  correlation  would  obviously 
result.  But  as  errors  of  this  nature  would  be  infrequent  in  several  blunt- 
tailed subspecies  which  I have  tested,  particularly  Pbyllorbyncbris  d.  perkinsi, 
the  results  cannot  be  attributed  to  such  errors,  and  I conclude  that  a positive 
correlation  between  subcaudal  scales  and  tail  spots  or  rings  is  probably  of 
frequent  occurrence  and  fairly  high  in  value. 


--  Bull.  Zool.  Soc.  San  Diego,  No.  8,  p.  46,  19.H. 


60 


Bulletin  21:  Zoological  Society  of  San  Diego 


TABLE  3 5 

Correlations  between  Scales  and  Pattern 


Subspecies  and 

Series  Sex 

Phyllorhynchiis  d.  perkinsi  M 

(Borego  series)  F 

Pit uo phis  c.  annectens M 

(Coastal  San  Diego  County)  F 

PitiLOphis  c.  deserticola M 

(Mohave  Desert)  F 

Lam  pro  pelt  is  g.  calif  orniae  M 

(Ringed  phase,  coastal  F 

San  Diego  County) 

Khinocheilus  1.  lecontei  M 

(Coastal  San  Diego  County)  F 

Sonora  o.  annulata M 

(Desert  San  Diego  County)  F 

Hypsiglena  ochrorhynchus  M 

(Coastal  San  Diego  County)  F 


Ventral  scales 
and  body  rings 
or  blotches 

Subcaudal  scales 
and  tail  rings 
or  spots 

N 

r 

P 

N 

r 

P 

100 

0.117 

0.24 

206 

0.167 

0.017 

100 

0.077 

0.45 

137 

0.346 

0.0001 

109 

-0.020 

0.84 

136 

0.223 

0.009 

84 

-0.020 

0.86 

133 

0.422 

0.0001- 

26 

-0.077 

0.71 

26 

-0.159 

0.44 

15 

-0.143 

0.61 

15 

0.548 

0.035 

95 

-0.303 

0.003 

89 

0.404 

0.0002 

98 

0.030 

0.77 

92 

0.481 

0.0001- 

38 

-0.102 

0.54 

31 

0.314 

0.085 

27 

-0.037 

0.86 

24 

0.422 

0.042 

169 

0.115 

0.14 

160 

0.230 

0.004 

79 

0.103 

0.36 

75 

0.382 

0.0008 

49 

0.166 

0.15 

35 

0.205 

0.24 

34 

0.294 

0.092 

28 

-0.162 

0.41 

Clams  intergrades  not  included. 
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Morphological  Correlations 

The  correlation  coefficient,  as  a measure  of  the  relationship  between  body 
parts,  or  between  some  part  and  an  over-all  dimension,  is  not  a satisfactory 
criterion,  for  the  result  will  depend  too  much  on  the  ontogenetic  distribu- 
tion of  the  specimens  comprising  the  sample.  Obviously,  if  all  ages  are 
represented,  the  value  of  r is  sure  to  be  high,  for  the  sizes  of  body  parts  are 
certain  to  follow  the  growth  of  the  organism,  although  not  necessarily  with 
a linear  relationship.  For  example,  the  head-length  to  body-length  relation- 
ship in  certain  colubrids  follows  an  exponential  curve,  while  the  fang-to- 
body  relationship  in  the  rattlesnakes  is  parabolic.  Strictly  linear  relation- 
ships, in  fact,  by  no  means  predominate;  and  even  when  the  relationship  is 
linear  the  usual  presence  of  a constant  term  in  the  equation  makes  it  evi- 
dent that  the  proportionate  size  of  the  part  does  not  remain  constant  during 
life. 

Relationships  of  this  character  vary  so  widely  in  their  nature  that  no 
brief  discussion  can  summarize  them;  each  pair  must  receive  a separate 
study.  Such  an  investigation  should  start  with  a graphic  layout  which  will 
show  clearly  both  the  trend  of  the  realtionship  and  the  extent  of  the 
scatter  of  the  individuals  about  the  regression  line.  If  the  line  is  not  straight 
on  rectangular  co-ordinates,  it  may  prove  to  be  if  plotted  on  logarithmic 
or  semilogarithmic  paper,  which  will  serve  as  a clue  to  an  equation  that 
should  give  a close  fit.  If  the  relationship  is  linear,  or  can  be  transformed  to 
a linear  form,  the  equation  and  the  standard  error  of  estimate  should  be 
determined;  these  statistics  will  be  of  far  more  importance  than  the  correla- 
tion coefficient  r,  with  which  this  paper  has  been  heretofore  concerned. 
Even  if  one  is  not  interested  in  an  algebraic  analysis  of  the  relationship, 
the  graphic  investigation  is  fully  justified  because  of  the  insight  it  will  give 
into  the  character  of  the  ontogenetic  trend,  which  may  be  of  importance 
in  evaluating  taxonomic  differences. 

While  admitting  the  lack  of  importance  of  these  figures,  examples  of 
correlation  coefficients  showing  the  relationship  between  body  parts  are 
shown  in  Tables  3 6 to  3 8 to  indicate  the  uniformly  high  values  which 
are  evident  in  such  pairs  of  characters.  Table  3 6 covers  rattlesnakes  only. 
Table  37  other  snakes,  and  Table  3 8 amphibians. 

It  will  be  observed  that  limited  age  groups  always  involve  lower  correla- 
tions than  a complete  ontogenetic  series.  This  does  not  necessarily  result 
from  a deviation  from  linearity  in  the  complete  series.  What  might  be 


Examples  of  studies  of  this  type  on  rattlesnakes  will  be  found  in  the  Occasional  Papers 
of  the  San  Diego  Society  of  Natural  History,  as  follows:  Head  length  to  body  length, 
No.  4,  p.  5,  1938;  head  width  to  head  length,  op.  cit.,  p.  45;  fang  length  to  body  length, 
No.  5,  p.  23,  193  9;  fang  length  to  head  length,  op.  cit.,  p.  27.  See  also  tail  length  to 
body  length,  Bull.  Zool.  Soc.  San  Diego,  No.  18,  p.  5 1,  1943. 


TABLE  3 6 

Morphological  Correlations  in  Rattlesnakes 
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All  values  of  P are  less  than  0.0001. 
All  body  lengths  include  the  tail. 
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called  the  group  trend  is  often  different  from  the  growth  trend. Among 
birds  and  mammals,  wherein  each  individual  reaches  a definite  growth 
limit  (although  differing  between  individuals)  the  selection  of  a sample 
composed  entirely  of  fully  grown  adults  is  a simple  procedure.  In  such 
adult  series  the  body-part  correlations  are  found  to  be  lower  than  if  full 
ontogenetic  series  are  included.  Examples  of  a large  number  of  such  adult 
correlations  have  been  given  by  Clark. 

In  problems  of  this  kind,  where  ontogenetic  variation  obscures  the  true 
correlation  between  two  variables,  such  a correlation  can  be  determined 
if  both  are  clearly  dependent  on  a third,  as  is  the  case  with  body  parts  or 
head  scales.  As  an  example  I take  various  head  measurements  of  1 8 speci- 
mens of  Tharnnophis  o.  bhciitatns  from  the  upper  Klamath  River  in  Ore- 
gon (10  to  15  miles  below  Keno,  Klamath  County).  These  measurements 
were  made  by  Dr.  Henry  S.  Fitch,  who  has  kindly  permitted  me  to  use 
them.  In  each  specimen  Dr.  Fitch  measured  the  length  of  head  together 
with  eleven  other  scale  lengths,  breadths,  and  contacts.  In  Table  3 9 are 
given  the  results  of  calculations  of  the  correlations  between  head  length 
and  each  of  the  other  characters,  and  also  between  each  pair  of  subsidiary 
characters.  All  correlations  are  quite  high  and  significant,  as  would  be 
expected  with  any  characters  which  grow  with  an  organism. 

By  the  method  of  partial  correlation  we  are  able  to  calculate  the  adjusted 
correlation  between  two  variables  when  a third  variable  with  which  both 
are  correlated  is  held  constant.  In  the  present  instance  all  of  the  characters 
are  obviously  dependent  on  head  length,  their  high  correlations  therewith 
being  evident  from  the  top  line  in  Table  3 9.  In  Table  40  are  shown  the 
adjusted  correlations  between  the  subsidiary  pairs  of  characters  with  the 
head  length  variability  eliminated;  in  other  words,  the  correlations  are 
those  which  might  be  expected  between  these  subsidiary  characters  in  a 
series  of  snakes  all  having  the  same  head  lengths,  so  that  growth  would 
no  longer  be  a factor.  Now  the  high  intercharacter  correlations  have  dis- 
appeared. Only  four  pairs  out  of  66  remain  significant,  these  being  length 
of  jaw  to  length  of  rostrum,  length  of  rostrum  to  interorbital  breadth, 
length  of  posterior  genials  to  inferior  length  of  seventh  supralabial,  and 
interorbital  breadth  to  anterior  height  of  nasal.  I suspect  that  even  some 
of  these  are  accidental — that  is,  the  result  of  the  chance  composition  of  the 
sample  series — and  that  true  correlation  between  these  scale  dimensions, 
when  the  effects  of  growth  have  been  eliminated,  is  unusual.  For  example, 
there  would  seem  to  be  no  logical  relationship  between  the  length  of  the 
posterior  genial  and  the  length  of  the  seventh  supralabial.  This  independence 
of  characters  is  an  important  consideration  in  evaluating  differences  between 
homogeneous  populations. 


Occ.  Pap.  San  Diego  Soc.  Nat.  Hist.,  No.  3,  p.  50,  1937;  Bull.  Zool.  Soc.  San  Diego, 
No.  18,  p.  19,  1943. 

Frank  H.  Clark:  Correlation  and  Body  Proportions  in  Mature  Mice  of  the  Genus 
Peromysciis.  Genetics,  Vol.  2 6,  pp.  283-300,  1941. 


TABLE  39 

Unadjusted  Correlations  in  Head  Dimensions 
(18  Specimens  of  T harnnoph’n  o.  biscniafus  from  Klamath  River) 
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Inferior  length  of  7th  supralabial  .914  .843  .914  .862 

Posterior  height  of  7th  supralabial  .802  .910  .822 

Anterior  breadth  of  internasals  .788  .817 

Anterior  height  of  nasal  .821 


TABLE  40 
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As  further  examples  of  morphological  correlations  in  a series  of  adult 
reptiles,  I present  data  on  turtles,  based  on  measurements  made  by  Dr. 
Paul  L.  Risley.  In  1930  he  published  a study  entitled  "Anatomical  Differ- 
ences in  the  Sexes  of  the  Musk  Turtle,  Sternof herns  odoratiis  (Latreille) 
This  study  utilized  3 0 adults  of  each  sex,  collected  in  the  vicinity  of  Ann 
Arbor,  Michigan.  In  the  course  of  this  work  14  measurements  were  made 
on  each  specimen.  Using  the  length  of  the  carapace  as  the  basic  or  inde- 
pendent variable,  twelve  charts  were  prepared,  showing  the  co-ordinates 
representing  each  specimen  for  all  but  one  of  the  other  characters  (figs. 
21-30).  The  regression  lines  were  drawn  for  each  sex;  and,  from  the 
separation  of  the  lines  and  the  scatter  of  the  individual  points.  Dr.  Risley 
drew  conclusions  as  to  the  value  of  each  subsidiary  or  dependent  character 
in  distinguishing  the  sexes. 

Dr.  Risley  has  courteously  sent  me  the  schedules  of  the  original  measure- 
ments which  were  made  in  the  preparation  of  his  paper  and  has  kindly 
permitted  me  to  use  them  for  the  derivation  of  illustrative  adult  correla- 
tions. I have  therefore  computed  the  correlation  coefficients,  using  both  the 
length  of  the  carapace  and  the  length  of  the  plastron  as  basic  measure- 
ments. The  results  are  set  forth  in  Tables  41  and  42.  They  are  of  interest 
as  showing  the  reduced  correlation  which  exists  in  a population  which  does 
not  include  a full  ontogenetic  series,  although  it  is  to  be  remembered  that 
these  turtles  are  adult  only  in  the  sense  of  having  reached  sexual  maturity; 
they  have  not  entirely  ceased  to  grow  as  do  adult  birds  and  mammals. 

The  following  will  serve  to  explain  Dr.  Risley’s  measurements  and  the 
character  designations  in  Tables  41  and  42;  The  plastron  length  was 
measured  from  the  anterior  end  to  the  anal  notch.  The  width  of  the 
plastron,  I,  was  taken  across  the  posterior  edge  of  the  humeral  shields; 
II  was  measured  across  the  posterior  edge  of  the  gular  shields.  The  con- 
necting bridge  is  that  joining  the  carapace  and  plastron,  the  measurement 
being  made  where  the  indentation  is  deepest.  The  width  of  the  head  was 
taken  at  the  anterior  edge  of  the  tympanic  membrane.  Tail  length,  I,  is 
from  the  end  of  the  carapace  to  the  tip  of  the  tail;  II  from  the  anal  notch 
of  the  plastron  to  the  tail  tip.  The  preanal  tail  length  was  also  measured 
from  the  anal  notch.  The  lateral  width  of  the  tail,  I,  was  taken  at  the 
mid-point  of  the  preanal  section  of  the  tail;  II  at  the  tail  tip.  The  thickness 
of  the  tail  is  the  dorso-ventral  thickness  at  the  mid-point  of  the  preanal 
tail  section. 

As  has  been  stated  before,  the  coefficient  of  correlation  does  not,  in  itself, 
provide  a particularly  useful  statement  of  concomitant  variation  where 
ontogeny  is  involved.  In  such  cases  regression  equations  and  standard 
errors  of  estimate  are  more  informative.  For  this  reason  I have  included  in 
the  tables  the  mean  value  of  each  variable  and  the  constants  of  the  regres- 
sion equations.  I have  assumed  straight-line  relationships  throughout,  this 
being  usually  sufficiently  accurate  in  cases  of  limited  ontogenetic  range 
(in  this  case  adults),  as  is  further  verified  by  Dr.  Risley’s  diagrams.  Thus 
the  equations  take  the  form  Y = a + bX,  Y being  the  dependent  variable, 
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a the  regression  constant,  b the  regression  coefficient,  and  X the  independent 
variable,  the  carapace  or  plastron  length  in  this  study.  For  clarity,  where 
the  plastron  is  the  basic  measurement,  a'  and  b'  have  been  substituted  for 
a and  b.  All  measurements  and  values  in  the  equations  are  in  millimeters. 
The  standard  errors  of  estimate  are  the  optimum  estimates  of  population 
dispersions,  rather  than  those  of  the  samples. 

Dr.  Risley’s  measurements  represent  so  unusual  and  complete  a series  that 
I shall  turn  aside  from  correlations  for  the  moment  and  employ  them  in 
an  evaluation  of  sexual  dimorphism,  using  the  methods  suggested  in  a study 
of  the  tail  lengths  of  snakes  (Klauber,  1943a,  pp.  40  and  46).  This  method 
of  analysis  involves  the  following  steps  in  ascertaining  sexual  dimorphism 
in  one  character. 

1.  Determine  the  regression  line  for  each  sex,  the  length  over-all,  or 
length  of  body,  being  employed  as  the  basic  measurement,  that  is,  the 
indepenefent  variable.  As  a part  of  the  computation  determine  the  standard 
error  of  estimate.  In  the  present  case  the  length  of  the  carapace  will  be 
used  as  the  basis  of  comparison,  since  it  is  obviously  more  valid  as  a meas- 
ure of  size  than  the  length  of  the  plastron. 

2.  Decide  on  a standard  length  (in  terms  of  the  independent  variable) 
at  which  sexual  dimorphism  is  to  be  determined.  This  is  important  since 
in  most  organisms  the  extent  of  sexual  dimorphism,  with  respect  to  measur- 
able characters,  is  subject  to  ontogenetic  change.  Adult  dilferences  are 
usually  both  highest  in  value  and  of  the  most  interest.  In  the  musk  turtles 
the  males  and  females  do  not  differ  conspicuously  in  size.  As  a carapace 
length  of  100  mm.  represents  a large,  but  by  no  means  exceptional  individual 
of  either  sex,  this  will  be  selected  as  the  standard  length  at  which  sexual 
dimorphism  is  to  be  ascertained.  In  problems  where  there  is  a considerable 
difference  between  the  sizes  reached  by  the  sexes,  the  standard  size  is  prefer- 
ably taken  near  the  ultimate  attained  by  the  smaller  sex;  it  should  not 
involve  extrapolation  into  fictitious  sizes  never  reached  by  the  smaller  sex. 

3.  From  the  equations  of  the  regression  lines,  determine  the  value  of 
the  dependent  variable  for  each  sex  at  standard  length.  For  purposes  of 
exposition  these  may  be  called  the  standard  values  (one  for  each  sex)  of 
the  dependent  variable. 

4.  Determine  the  coefficient  of  sexual  divergence,  usually  expressed  as 
a percentage.  This  will  be  the  difference  between  the  standard  values  of  the 
dependent  variable,  divided  by  half  their  sum  (/or.  cit.  p.  6). 

5.  To  determine  the  significance  of  this  difference,  take  the  standard 
error  of  estimate  for  each  sex  as  being  the  value  of  the  standard  deviation 
of  the  dependent  variable  at  its  mean  value.  Multiply  this  by  the  ratio 
between  the  standard  and  mean  values  of  the  dependent  variable,  there 
being,  of  course,  separate  ratios  for  each  sex.  This  will  give  an  estimate 
of  the  standard  deviation  of  the  dependent  variable  that  would  be  found 
if  all  the  specimens  in  the  sample  were  of  standard  length;  that  is,  in  our 
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present  example,  we  would  have  the  dispersion  of  the  dependent  variable 
that  should  be  present  if  all  our  turtles  had  carapace  lengths  of  100  mm. 
Th  IS  method  is  based  on  a number  of  investigations  which  have  indicated 
that  the  coefficient  of  variation  of  a dependent  variable  about  a regression 
line  remains  substantially  constant  during  life  (loc.  cit.,  pp.  37  and  40). 

6.  The  standard  value  of  the  dependent  variable  being  known  for  each 
sex,  and  the  estimated  standard  deviation  of  each  having  been  computed, 
it  is  now  possible  to  determine  the  significance  of  the  sexual  divergence  by 
any  one  of  the  formulas  for  the  sign.ficance  of  the  differences  between 
means.  Or,  the  significance  of  the  coefficient  of  sexual  divergence  may  be 
computed  from  the  formula  for  its  standard  error  {loc.  cit.  p.  9).  In 
either  case  N for  each  sex  is  taken  as  the  number  of  specimens  comprising 
th  e sample  of  that  sex. 

I think  it  may  be  appropriate  to  follow  through  the  derivation  of  one 
value  of  the  coefficient  of  sexual  divergence  and  its  significance  to  illustrate 
the  method  I have  outlined.  As  an  example  we  shall  take  the  width  of  the 
head. 

Let  C stand  for  carapace  length  in  mm.  and  H for  the  corresponding 
head  width.  Our  regression  equations,  using  the  appropriate  values  of 
b and  a set  forth  in  Table  41  are: 


Males  H = .2493C  - 1.27 

Females  H = .1990C  + 1.95 


It  will  be  remembered  that  we  have  fixed  100  mm.  as  the  standard  adult 
carapace  length  at  which  tlie  coefficient  of  sexual  divergence  in  head  width 
is  to  be  determined.  Substituting  this  value  for  C in  the  above  equations, 
we  find  our  standard  values  of  head  width  to  be  23.66  mm.  for  the  males 
and  21.85  mm.  for  the  females.  These  are  the  estimated  average  head  widths 
that  the  samples  would  have  if  their  carapace  lengths  were  all  100  mm. 
The  coefficient  of  sexual  divergence  is  the  difference  between  these  averages 
divided  by  half  their  sum,  that  is,  23.66  — 21.8  5,  or  1.81,  divided  by  22.75, 
or  7.96  per  cent.  These  are  the  only  calculations  required  to  determine  the 
coefficient  of  sexual  divergence;  to  find  whether  this  coefficient  is  significant 
is  somewhat  more  involved. 

The  next  values  to  be  determined  are  the  dispersions  of  head  width  about 
the  regression  lines  at  C = 100.  From  Table  41  we  find  that  the  standard 
error  of  estimate  of  head  width  for  the  males,  at  a mean  head  width  of 
22.680  mm.,  was  0.90  mm.  But  the  standard  value  of  the  head  width 
(males)  was  determined  above  to  be  2 3.65  mm.  This  involves  an  increase 
cif  0.97  mm.,  or  4.2  8 per  cent.  This  is  the  amount  by  which  we  must 
increase  the  standard  error  of  estimate  to  represent  the  dispersion  (standard 
deviation)  of  head  length  about  the  regression  line  at  a standard  carapace 
length  of  100  mm.  The  required  standard  deviation  is  0.94  mm.  Simi- 
larly in  the  case  of  the  females,  the  required  standard  deviation  is  0.72 
(21.85  20.663)  = 0.76  mm. 


TABLE  41 
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ISjoXhs: All  measurements  are  in  millimeters,  and  are  based  on  30  turtles  of  each  sex.  Negative  values  of  the  coeftkient  of  divergence  indicate  that  the  female  measurements 

are  greater  than  the  male.  Values  of  r above  .463  are  significant  at  the  one  per  cent  level;  between  .463  and  .361  at  the  five  per  cent  level;  below  .361  not  signifi- 
cant. All  values  of  the  coefficient  of  sexual  divergence  are  significant  except  that  of  the  thickness  of  the  tail. 
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We  now  have  a simple  problem  involving  the  difference  between  two 
means.  These  means  are  23.66  and  21.85  mm.,  and  the  respective  standard 
deviations  are  0.94  and  0.76  mm.  In  a case  such  as  this,  where  the  samples 
are  of  equal  size  (N  = 30),  the  small-sample  formula  for  the  significance 
of  the  difference  between  means  reduces  to  / = (M,  -Mo)/[(ai^  + CT2^)/ 
(N— the  value  of  P being  found  in  the  /-table  at  2N  — 2 degrees 
of  freedom.  In  our  particular  problem  we  find  f '-=  8.15,  which  gives  a value 
of  P far  below  0.0001,  thus  showing  that  the  sexual  divergence  in  head 
width  in  Sfcrnof herns  odorafus  is  undoubtedly  real  and  not  the  fortuitous 
result  of  the  particular  samples  at  hand. 

This  method  has  been  applied  to  the  data  derived  from  Dr.  Risley’s 
measurements,  with  the  results  shown  in  the  final  column  of  Table  41. 
The  question  may  be  asked  why  I have  not  carried  through,  using  the 
plastron  length  as  a basis  of  comparison,  after  having  set  forth  the  regres- 
sion-equation statistics,  with  the  plastron  as  the  independent  variable,  in 
Table  42.  I considered  this  but  thought  it  confusing;  for  the  plastron 
itself  is  shown  to  be  sexually  dimorphic  when  the  more  fundamental 
carapace  length  is  used  as  the  basis  of  standardization  or  comparison.  If 
one  is  interested  in  the  relationship  of  two  subsidiary  characters,  it  will 
be  best  to  determine  their  correlation  by  the  method  of  partial  correlation, 
thus  eliminating  the  effect  of  variation  in  carapace  length.  I should  also 
point  out  that  one  may  compute  the  probable  regression  line  (or  lines  if 
first  one  and  then  the  other  character  be  taken  as  the  independent  var- 
iable) representing  the  relationship  between  any  two  secondary  characters 
that  would  exist  if  all  individuals  of  the  sample  were  converted  to  a 
standard  carapace  length. 

We  note,  with  respect  to  the  correlations  set  forth  in  Tables  41  and  42, 
that  nearly  all  are  significant,  although  below  the  values  usually  found  in 
full  ontogenetic  series.  The  lowest  values  are  found  in  some  of  the  female 
tail  measurements. 

With  regard  to  sexual  divergence,  all  characters  are  found  to  show  highly 
significant  differences  (P  < 0.01)  except  three:  The  width  of  the  cara- 
pace is  significantly  different  in  the  sexes  but  does  not  quite  reach  the 
one  per  cent  level  (P  = .017);  the  width  of  the  plastron,  II,  is  almost 
exactly  on  the  5 per  cent  level  (P  = .052);  and  the  thickness  of  the  tail 
is  quite  without  significance  (P  = .983).  The  sexual  divergence  in  the 
width  of  the  connecting  bridge  is  rather  surprisingly  great.  Of  the  main 
body-dimensions,  the  length  of  the  plastron  proves  to  have  the  highest 
coefficient  of  divergence.  But  it  is  in  the  tail  length  and  width  that  the 
most  significant  and  easily  used  criteria  are  found,  especially  the  length 
of  the  tail  when  measured  from  the  carapace  to  the  tip.  In  this  the  adult 
regression  lines  are  separated  by  five  times  the  standard  deviation  of  either 
sex  about  its  own  regression  line.  Thus  the  chance  of  overlapping  speci- 
mens is  very  small,  and  a consistent  and  readily  determinable  criterion  for 
distinguishing  the  sexes  is  available. 
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As  an  example  of  the  use  of  the  method  of  partial  correlation  in  deter- 
mining the  relationship  between  two  secondary  or  subsidiary  characters, 
when  the  body  length,  as  measured  by  the  carapace,  is  held  constant,  I shall 
take  the  relationship  of  preanal  and  postanal  tail  lengths.  The  unadjusted 
correlations  are  as  follows: 


Male  Female 

Length  of  carapace  to  preanal  tail  length  .644  .5  53 

Length  of  carapace  to  postanal  tail  length  .424  .707 

Preanal  to  postanal  tail  length  .2  50  .5  87 


Eliminating  that  part  of  the  correlation  between  tail  lengths  due  to 
variation  in  carapace  length,  we  have  the  following  net  correlation  remain- 
ing as  being  the  true  correlation  between  the  two  sections  of  the  tail: 
Males,  r = — .032;  females,  r=.3  33. 

Neither  of  these  correlations  is  significant  at  the  usually  accepted  level 
of  P = 0.05,  although  the  female  figure  approaches  significance  (P  = 0.053). 
Thus,  in  turtles  of  the  same  carapace  size,  virtually  no  correlation  is  to  be 
expected  between  preanal  and  postanal  tail  lengths.  Similar  calculations 
may  readily  be  made  on  any  other  pairs  of  subsidiary  characters. 

A somewhat  similar  situation  is  presented  in  connection  with  the  correla- 
tions in  toad  dimensions  presented  in  Table  3 8.  If  we  eliminate  body-length 
variability  by  the  method  of  partial  correlation,  the  residual  correlation 
between  the  length  and  width  of  the  parotoid  glands  in  the  specimens  of 
Biifo  ivoodhousii  from  Tulsa  is  reduced  from  0.715  to  0.297. 

Included  in  the  correlations  presented  in  Table  36  is  that  between  body 
length  and  diameter  in  Leptotyphlops.  The  value  of  this  relationship  in 
taxonomic  problems  has  previously  been  discussed."*'  A new,  and  unusually 
large  and  homogeneous  series  is  now  available  in  the  collection  of  the 
California  Academy  of  Sciences.  This  is  a series  of  over  150  L.  hiimilis 
cahiiilac  collected  by  Joseph  R.  Slevin  and  Wallace  F.  Wood  on  a small 
island  in  the  Colorado  River  at  Laguna  Dam,  Imperial  County,  California. 
Measurements  were  made  on  diameter  and  length  with  the  help  of  Mr. 
Slevin.  The  regression  equation  of  diameter  on  length  is  found  to  be 
D = 0.115  + 0.0152  L.  The  standard  error  of  estimate  is  0.23  8 mm.,  or 
8 per  cent,  as  the  mean  diameter  of  155  specimens  is  2.980  mm.  This  per 
cent  deviation  from  the  regression  line  may  be  considered  constant  at  all 
ages,  and  may  be  used  in  taxonomic  difference  problems  in  the  manner 
suggested  elsewhere  for  tail  lengths."'  It  is  evident  that  the  thickness-to- 
length  ratio  in  these  little  snakes  may  serve  as  an  important  key  character, 
if  adequate  and  well  preserved  series  are  available. 

The  correlations  set  forth  in  Tables  36  to  42  indicate  the  correlations 
between  pairs  of  body  characteristics  such  as  length  and  weight,  or  between 

Trans.  San  Diego  Soc.  Nat.  Hist.,  Vol.  9,  No.  18,  p.  98,  1940. 

Bull.  Zool.  Soc.  San  Diego,  No.  18,  p.  40,  1 943. 
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pairs  of  body  measurements  such  as  body  and  head  lengths.  Somewhat  simi- 
lar are  the  relations  between  body  lengths  and  body  products.  For  example, 
there  is  a positive  correlation  within  a subspecies  between  the  sizes  of 
mother  snakes  and  the  number  of  young  produced,  as  shown  by  the  follow- 
ing examples  of  series  of  Crotalus  viridis  viridh\ 


Gravid  Correlation  between  length  of 

Series  specimens  mother  and  number  of  young 

Platteville  149  0.711 

Pierre  107  0.704 


Another  correlation  of  somewhat  the  same  type  is  the  relationship 
between  snake  size  and  venom  yield.  Here  we  should  naturally  expect 
that  venom  volume  would  vary  approximately  with  the  third  power  of 
some  head  dimension — head  length,  for  example.  In  any  case  the  correla- 
tion coefficient  is  not  particularly  useful  for  the  measurement  of  such  a 
relationship,  since  the  result  will  depend  too  much  on  the  ontogenetic 
composition  of  the  sample,  in  addition  to  which  the  relationship  is  probably 
not  linear.  Venom  yield  is  a characteristic  requiring  fuller  treatment  than 
can  be  given  here;  I hope  that  the  opportunity  may  later  be  available  to 
present  some  statistics  that  have  been  accumulated  on  this  subject.  As 
an  indication  of  the  extent  of  correlation  in  an  adult  series,  I computed 
die  statistics  of  venom  yield  in  189  adult  C.  Incasensis  ranging  in  length 
from  800  to  1240  mm.  The  correlation  coefficient  was  found  to  be  +0.5  52. 
The  regression  equation  is:  liquid  venom  yield  in  c.c.  = — 1.2  5 + 2.06  times 
the  length  of  the  snake  in  meters.  Thus  a snake  one  meter  in  length  would 
yield  about  0.81  c.c.  of  liquid  venom,  while  one  1.5  meters  in  length 
(an  unusually  large  snake  for  this  species)  should  yield  about  1.84  c.c. 
These  figures  apply  to  fresh  specimens  and  manual  milking.  The  dispersion 
is  considerable  (the  standard  error  of  estimate  is  0.3  5 c.c.),  as  might 
be  expected  in  a situation  in  which  so  many  extraneous  factors  may  affect 
individual  venom  yield,  such  as  the  condition  of  the  glands  and  the  extent 
to  which  they  have  been  depleted  by  recent  feeding,  defense,  ill  health, 
or  captivity.  The  season  of  the  year  (proximity  to  hibernation)  may  also 
cause  a variation.  In  any  case,  venom  yield  should  preferably  be  studied 
by  ascertaining  the  nature  of  regression  lines  and  the  dispersion  about  such 
lines,  rather  than  a mere  calculation  of  the  coefficient  of  correlation,  as 
has  been  pointed  out  with  respect  to  other  morphological  variables. 

The  rattles  of  the  rattlesnake  offer  some  interesting  possibilities  for 
correlation  studies.  There  are  three  main  variables  involved — the  snake 
length,  the  width  of  the  proximal  rattle,  and  the  sequence  number  of  the 
rattle  in  the  string.  The  latter  value  will  be  known  only  if  the  string  be 
complete.  The  relationship  of  rattle  width  to  sequence  number  is  definitely 
non-linear  through  the  complete  life  range,  but  is  substantially  linear  up  to 
rattle  number  6 in  most  species.  The  relationship  between  body  length 
and  the  width  of  the  proximal  rattle  is  of  the  type  involving  body  parts 
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and  therefore  is  certain  to  show  a high  correlation,  if  the  sample  comprises 
specimens  of  all  ages.  The  final  pair  of  this  trio  comprises  body  length 
and  rattle  number  (complete  strings  only).  There  is  considerable  sexual 
dimorphism  in  the  adult  range  so  that  the  sexes  must  be  treated  separately. 
All  of  these  rattle  relationships  I hope  to  make  the  subject  of  a paper  to 
appear  later  in  another  publication  series;  however,  as  suggestions  of  the 
degrees  of  correlation  involved,  the  results  of  calculations  on  the  males  of 
the  Platteville  series  of  C.  i'.  t^iridis  are  given  in  Table  43.  It  will  be  seen 
that  the  correlations  are  very  high  in  all  three  cases. 

There  is  another  rattle  correlation  of  which  I should  like  to  present  an 
illustration  at  this  time,  namely,  the  correlation  between  the  widths  of 
successive  pairs  of  rings  in  a series  of  rattles.  This  is  designed  to  answer 
the  following  questions:  Are  rattlesnakes  with  small  No.  1 rattles  likely 
to  have  small  succeeding  rattles,  or  is  each  rattle  independent  of  its 
predecessor?  Although  there  is  known  to  be  a high  correlation  between 
the  width  of  the  proximal  rattle  and  body  size,  it  must  be  remembered 
that  body  size  can  affect  rattle  width  only  at  the  time  a rattle  is  being 
hardened  on  the  matrix.  Even  if  we  take  a number  of  snakes  having  the 
same  number  of  rattles  (speaking,  of  course,  only  of  complete  strings) 
we  should  not  expect  absolute  correlation  between  the  size  of  body  and 
the  rattle  width  because  different  times  will  have  elapsed  in  the  several 
individuals  since  the  hardening  of  the  proximal  rattle.  In  other  words, 
assuming,  for  example,  that  we  are  dealing  only  with  snakes  having  5 
rattles,  some  may  have  just  exposed  the  fifth  rattle,  while  others  may 
have  developed  the  fifth  rattle  several  months  before  and  may,  therefore, 
be  definitely  larger  than  when  that  rattle  was  cast  loose.  But  if  we  can 
show  correlation  between  successive  rattles  of  a string,  thus  indicating 
that  a large  No.  1 rattle  is  likely  to  be  coupled  with  a larger-than-average 
No.  2,  and  so  on,  we  have  an  indication  that  some  snakes  continually  out- 
strip their  fellows  in  size;  or,  what  would  have  the  same  effect,  tend  to 
acquire  their  rattles  later. 

The  results  of  such  calculations,  using  the  males  of  the  Plattevdle  series, 
are  also  shown  in  Table  43.  It  will  be  observed  that  this  type  of  correlation 
is  relatively  high,  particularly  from  No.  2 rattle  on;  the  conclusion  is 
inescapable  that  the  several  segments  of  a rattle  string  do  tend  to  follow 
each  other  in  deviations  from  the  mean.  The  calculations  were  not  carried 
beyond  rattle  No.  6,  since  not  enough  complete  strings  were  available 
to  afford  authoritative  data. 

Another  method  of  indicating  the  relationship  between  the  dimensions 
of  successive  rattles  of  a string  is  by  the  method  of  rank  correlation.  Table 
44  shows  the  gradual  shifting  of  ranks  in  the  rattle  widths,  in  the  strings 
of  ten  randomly  selected  males  of  Crofalus  niber  from  coastal  San  Diego 
County.  The  ten  strings  are  arranged  in  an  ascending  order  of  magnitude, 
based  on  the  width  of  the  button  or  No.  1 segment.  Where  there  is  a tie 
for  a position  in  the  table,  fractions  have  been  used  if  two  are  tied,  and 
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TABLE  43 

Rattle  Correlations:  Males  of  Platteville 
Series  of  Crotalus  v.  viridis 

Characters  N r 

Over-all  length  of  body  and  width  of  proximal  rattle  443  0.984 

Over-all  length  of  body  and  number  of 

rattles  (complete  strings  only)  223  0.982 

Hattie  width  and  sequence  number 

(carried  to  rattle  No.  6 only)  65  8 0.96  8 

Correlations  between  the  widths  of 
successive  rattle  segments: 

Numbers  1 and  2 132  0.637 

Numbers  2 and  3 99  0.867 

Numbers  3 and  4 97  0.821 

Numbers  4 and  5 87  0.863 

Numbers  5 and  6 21  0.844 


Note: — All  values  of  P are  less  than  0.0001. 

The  corresponding  value  for  3 88  females  is  0.996. 


the  middle  position  if  three  are  tied.  In  the  table,  as  set  up,  low  numbers 
indicate  smaller  rattle  dimensions. 

It  will  be  observed  that  some  strings  are  quite  consistent  in  their  posi- 
tions in  the  schedule,  while  others  tend  to  skip  about.  For  example,  string 
number  4 is  consistently  low  after  the  first  rattle,  while  strings  numbers 
9 and  10  are  consistently  high  throughout.  String  number  8 is  first  high, 
then  low  for  four  segments,  then  high  for  the  remaining  four. 


TABLE  44 

Rank  Positions  in  10  Rattles  of  Crotahis  ruber 
Each  Having  9 Segments 


String 

Segment  Number 

Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

1 

1 

2 

414 

7 ‘/a 

6 

4 

7 

2/2 

2 

2 

5 

5 

4/2 

5 

4 

7 

4/2 

3/2 

3 

3 

7 

7/2 

7 

7/2 

7 

2/2 

4/2 

2/2 

4 

5 

2 

3 

2 ‘ 72 

2/2 

1/2 

2 ‘'2 

1 

1 

5 

5 

8 

5 

2/2 

1 

3 

3/2 

6 

7 

6 

5 

6 

7/2 

7 

5 

5 

5/2 

3 

4 

7 

7 

3/2 

5 

7 

5 

1/2 

1 

2 

3/2 

8 

8 

3 '^2 

1 

1 

2/2 

8 

8 

8/2 

9/2 

9 

9 

9 

9 

9/2 

10 

9 

9/2 

10 

9/2 

10 

10 

10 

10 

9/2 

9 

10 

9/2 

8/2 

8 
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TABLE  4 5 

Rank  Correlation  Coefficients 
in  Ten  Sets  of  Rattles  of  Crotalus  ruber 


Segment  Segment  Number 

Number  2 3 4 5 6 7 8 9 

1 57  .43  .36  .21  .45  .53  .43  .73 

2 87  .62  .41  .57  .59  .47  .56 

3 89  .65  .45  .38  .23  .38 

4  86  .47  .25  .24  .19 

5 .68  .34  .48  .15 

6  .75  .8  5 .5  5 

7  82  .78 

8  75 


Note:  The  figures  in  the  body  of  tlie  table  show  the  rank  correlations  between  any  set 

of  segments  as  numbered  in  the  left  hand  column  and  any  other  set  as  numbered  at  the 
top.  For  example,  the  correlation  between  the  third  segments  of  all  strings  and  the 
corresponding  seventh  segment  is  0.3  8. 


In  Table  45  I h ave  presented  the  rank  correlation  coefficients,  as  com- 
puted from  Table  44.  This  correlation  coefficient  is  not  to  be  confused 
with  the  product-moment  correlation  coefficient,  r,  hitherto  used  through- 
out this  discussion,  the  rank  coefficient  being  a less  accurate,  and  less-often 
used,  indication  of  concomitant  variation.  It  is  useful  when  it  is  desired 
to  secure  approximate  results  and  the  number  of  items  is  relatively  low 
(10  in  the  present  case),  for  the  calculations  are  much  less  laborious  than 
in  the  derivation  of  the  product-moment  correlation  coefficient. 

In  the  present  instance  the  coefficient  is  interesting  in  illustrating  cer- 
tain trends;  for  example,  it  will  be  observed  that  the  adjacent  segments 
are  likely  to  be  closely  correlated,  as  might  be  expected,  and  as  evidenced 
by  the  lowest  diagonal  row  of  figures.  Some  of  the  low  correlations  are 
the  result  of  high  irregularities  in  particular  strings.  The  lowest  figure 
of  all,  that  between  segments  5 and  9,  results  almost  entirely  from  four 
strings:  1 and  3,  which  become  relatively  smaller  in  the  larger  rattle  sizes, 
and  5 and  8 which  occupy  higher  positions  when  segment  9 is  attained 
than  at  segment  5.  It  is  surprising,  and  probably  accidental,  that  the  most 
widely  separated  segments,  that  is,  numbers  1 and  9,  should  show  so  high 
a correlation  as  0.73.  Thus  an  original  string-order  which  has  practically 
vanished  at  segments  4 and  5,  is  returned  to  at  the  end  of  the  string. 

In  another  test,  this  time  on  the  rattles  of  male  C.  hicasensis,  there 
being  nine  strings  of  at  least  8 rattles  each,  the  order  was  somewhat  better 
maintained  throughout.  The  rank  correlation  between  the  buttons  (first 
rattles)  and  the  fifth  segments  was  0.79,  and  between  the  buttons  and  the 
eighth  segments  was  0.5  5.  Thus,  there  is  a decreasing  correlation  as  the 
distance  between  segments  increases,  rather  than  a dip  as  in  the  ruber 
sample. 
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In  all  three  examples,  viridis,  ruber,  and  liicaseusis,  the  correlation 
between  the  button  and  second  rattle  was  lower  than  between  succeeding 
pairs  of  segments,  thus  indicating  a probably  characteristic  sequence 
variability. 

Correlation  of  Subcaudals  and  Tail  Proportions 

It  might  be  expected  that  snakes  with  extra-long  tails  would  have  a higher 
than  average  number  of  subcaudals.  This  is  not  a particularly  easy  correla- 
tion to  test,  since  the  tail  length  changes  with  the  growth  of  each  snake, 
and  we  must  either  reduce  each  length  of  tail  to  the  probable  length  at 
some  standard  body  length,“^  or  the  comparison  must  be  made  using  the 
tail-length  proportion  as  one  of  the  variables.  But  since  the  tail-length 
proportion  itself  involves  sexual  dimorphism  and  usually  is  not  ontogeneti- 
cally  constant,  if  the  proportion  is  to  be  used  as  one  of  the  variables,  it  is 
necessary  either  to  base  the  determination  on  specimens  within  a relatively 
narrow  range  with  respect  to  age,  or  a correction  for  ontogeny  must  be 
rnade."''^*  Specimens  with  incomplete  tails  must  be  omitted,  and  therefore  a 
a species  easy  to  sex  and  one  in  which  the  completeness  of  the  tail  may  be 
readily  ascertained,  will  comprise  the  best  material  for  investigation. 
Phyllorhy fichus  d.  perkhisi  fulfills  both  of  these  requirements.  The  follow- 
ing correlations  were  found  between  the  ratio  of  the  tail  length  to  length 
over-all,  and  the  number  of  subcaudal  scales,  including  in  the  study  only 
adults  of  the  Borego  series  exceeding  300  mm.  in  length: 


N r 

Males  139  0.503 

Females  8 5 0.68  5 


To  see  whether  this  correlation  exists  at  birth,  a test  was  made  on  the 
available  broods  of  Lampropeltis  g.  calif  or  niae  hatched  in  captivity  at  the 
San  Diego  Zoo.  The  correlations  follow: 


N r 

Males  79  0.726 

Females  70  0.750 


In  order  to  test  a single  brood,  in  which  there  could  be  no  possibility  of 
heterogeneity,  I have  used  the  counts  and  measurements  of  a brood  of 
unborn  young  of  Natrix  sipedon  sipedon  from  Windham,  New  Flampshire, 
recorded  by  J.  A.  Oliver  and  J.  R.  Bailey, and  find  the  following  correla- 


Occasional  Papers  San  Diego  Soc.  Nat.  Hist.,  No.  4,  p.  22,  1938. 

Bull.  San  Diego  Zool.  Soc.,  No.  18,  p.  40,  1943.  The  easiest  method  of  making  the  correc- 
tion for  ontogeny,  is  to  subtract  a (or  a ) from  each  value  of  T before  dividing  by  L 
(or  B) . It  is  assumed  that  the  regression  equation  of  T on  L or  B is  known,  otherwise 
one  is  compelled  to  restrict  the  investigation  to  snakes  of  about  the  same  age. 

Biological  Survey  of  the  Connecticut  Watershed,  Report  No.  4,  p.  208,  193  9. 
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tions  between  subcaudal  counts  and  the  ratio  of  tail  length  to  body  length 
(exclusive  of  tail) : 


N r 

Males  18  0.765 

Females  16  0.814 


To  try  the  alternate  method  of  using  a series  of  ontogenetically  hetero- 
geneous specimens,  but  correcting  for  ontogeny  by  using  the  constants 
of  the  regression  equation,  I have  taken  the  Laguna  Island  series  of  Sonora 
viiniata  linearis.  The  results  follow: 


N r 

Males  40  0.711 

Females  5 8 0.394 


Upon  the  rattlesnakes  I have  made  two  tests:  the  first  on  the  San 
Patricio  series  of  C.  cinereous,  all  of  which  are  young  of  the  year,  and  the 
second  on  200  adult  C.  x\  viridis  of  the  Platteville  series,  with  these  results: 


C. 

cinereous 

C.  V.  1 

viridis 

N 

r 

N 

r 

Males  

77 

0.530 

100 

0.476 

Females  

61 

0.368 

100 

0.429 

Thus,  correlation  is  present  even  in  these  short-tailed  snakes.  All  of  the 
correlations  given  above  are  highly  significant  (P  <C  0.01). 

It  will  be  noted  that  the  juvenile  correlations  are  higher  than  the  adult. 
This  suggests  at  once  that  the  result  may  be  caused  by  some  special  effect 
in  the  embryonic  stage — that  is,  the  longer  the  tail,  the  more  scales  are 
required  to  sheathe  it  properly.  If  this  be  the  case  we  should  find  a correla- 
tion independent  of  tail  proportionality,  provided  we  can  avoid  the  con- 
fusion produced  by  ontogeny  and  racial  heterogeneity.  This  we  can  do  by 
utilizing  broods  alone,  treating  each  brood  separately  (for  broods  of  the 
same  subspecies  often  differ  significantly  in  mean  length  at  birth)  and 
taking  only  those  which  have  been  preserved  before  birth,  or  soon  enough 
afterward  to  avoid  differential  post-natal  growth.  With  these  restrictions 
we  can  compare  directly  tail  length  in  millimeters  and  subcaudal  scale 
counts,  instead  of  tail  proportionality  and  subcaudals  as  previously  in- 
vestigated. Material  of  this  kind  is  not  plentiful  since  the  number  of  young 
of  each  sex  should  approximate  10  or  more,  and  many  species  of  snakes 
do  not  have  such  large  broods. 

In  Table  46  the  results  of  several  such  calculations  are  given.  It  will  be 
seen  that  rather  high  correlations  are  the  rule.  Of  course,  the  low  values 
of  Ah  imposed  by  the  restriction  to  broods,  prevents  all  but  the  highest 
values  of  r from  being  significant.  Flowever,  if  we  combine  the  results 
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by  the  use  of  Fisher’s  z-transformation,  we  attain  the  following  values, 
both  of  which  are  highly  significant  (P=  0.0001  — ):  males,  r — 0.609; 
females,  r = 0.6 1 5. 

TABLE  46 


Correlation  between  Tail  Lengths 
and  Subcaudal  Scale  Counts  in  Snake  Broods 

Males  Females 


Species  ' 

Locality 

N 

r 

N 

r 

Elaphe  laeta 

...Texas  

...  7 

0.8  54=' 

9 

0.788 

Natrix  s.  s/peilon-f 

. Windham,  N.  H. 

18 

0.837='=' 

16 

0.865 

Tharnnophis  s.  s/V/izZ/st 

Warren,  N.  H 

12 

0.411 

8 

0.590 

Thamnophis  hammondii 

San  Diego  County 

14 

0.465 

14 

0.287 

T ham  no  phis  hammondii  . 

San  Diego  County 

9 

0.497 

10 

0.578 

Thamnophis  hammondii  . 

San  Diego  County 

..  12 

0.256 

20 

0.398 

Crotaliis  basiliscus  

...Sinaloa  

..  10 

0.592 

14 

0.640 

Crotalns  basiliscus 

..Colima 

14 

0.617=' 

Too 

few 

* Significant;  highly  significant, 
t Measurements  from  Oliver  and  Bailey. 

I think  there  need  be  no  hesitancy  in  concluding,  both  from  the  pro- 
portionality studies  and  those  of  absolute  tail  lengths  in  broods,  that  indi- 
viduals with  proportionately  longer  tails  do  have  a higher  than  average 
number  of  subcaudals.  One  may  speculate  as  to  which  is  cause,  and  which 
effect,  in  this  pair  of  characters.  There  is  some  evidence,  in  certain  generic 
correlations,  of  there  being  an  optimum  size  in  various  scales,  so  if  there 
be  a greater  area  to  cover  there  will  tend  to  be  more  scales  to  cover  it. 
If  such  be  the  case,  then  proportionate  tail  length  is  the  independent 
variable,  and  the  number  of  subcaudal  scales  dependent.  Possibly  both 
variables  are  related  to  the  number  of  caudal  vertebrae;  if  this  be  true, 
both  are  dependent.  The  fact  that  these  tail-ratio  to  subcaudal  correlations 
tend  to  reduce  with  age  indicates  that  the  relationship  is  adversely  affected 
by  the  exigencies  of  growth.  It  had  occurred  to  me  that  the  male-to-female 
ratio  in  tail  lengths  might  be  the  same  as  the  ratio  in  subcaudals;  however, 
this  would  be  impossible  since  the  first  ratio  changes  (in  most  species) 
with  ontogeny,  while  the  latter  remains  constant  throughout  life. 

This  tail-subcaudal  correlation  is  another  in  which  the  homogeneity  of 
the  sample  is  of  major  importance;  in  a heterogeneous  sample,  a correlation 
would  be  anticipated  and  proofs  based  on  such  material  would  be  quite 
irrelevant. 

Although  correlation  has  been  shown  to  exist,  in  P.  cl.  perkinsi,  between 
subcaudals  and  tail  spots,  and  likewise  between  subcaudals  and  tail-length 
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ratio,  there  is  apparently  only  a slight  correlation  between  tail  spots  and 
tail-length  ratio,  the  results  being  as  follows: 


N r P 

Males  141  0.111  0.19 

Females  8 3 0.221  0.04 


A study  of  the  same  character  made  on  the  ringed  phase  of  the  broods 
of  Lainpropeltis  g.  calif orniae  gave  the  following  results,  which  show  low 
and  non-significant  correlations: 


N r P 

Males  28  0.108  0.58 

Females  26  0.23  5 0.25 


Correlation  Between  Ventral  Scales  and  Body  Length 

The  correlation  between  ventral  scales  and  body  length  is  somewhat 
analagous  to  that  between  subcaudals  and  length  of  tail,  but  is  more  diffi- 
cult to  test.  For  in  the  latter  pair,  which  we  have  already  discussed,  we 
could  fall  back  on  the  ratio  of  tail  length  to  body  size  as  a basis  of  com- 
parison between  specimens,  thus  avoiding  the  direct  effect  of  age  on  tail 
length,  and  permitting  the  use  of  specimens  not  known  to  be  of  uniform 
age.  In  the  present  case  we  have  available  no  such  datum,  and  we  are  there- 
fore compelled  to  find  other  means  of  eliminating  the  variability  of  body 
size  because  of  age.  In  other  words,  we  cannot  prove  that  a certain  snake 
has  more  ventrals  than  its  fellows  because  of  its  larger  size  (or  vice  versa) 
without  first  assuring  ourselves  that  the  larger  size  does  not  merely  result 
from  greater  age. 

Here  again  we  are  handicapped  by  the  slow,  but  continued,  growth  of 
adult  snakes,  as  compared  with  the  static  situation  in  adult  birds  and 
mammals.  It  would  be  easy  to  determine  whether  there  is  any  correlation 
between  the  sizes  of  the  sparrows  in  a certain  area  and  the  numbers  of  some 
particular  series  of  their  feathers  because  we  could  eliminate  the  growth 
factor  as  affecting  size  by  adhering  entirely  to  adults.  This  we  cannot  do  in 
snakes;  if  we  take  a group  of  snakes  which  we  know  to  be  adults  because  of 
their  relationship  with  the  sizes  of  juveniles  and  adolescents,  and  we  com- 
pare the  largest  with  the  remainder,  in  some  characteristics  such  as  ventral 
scales,  we  are  certain  to  be  diluting  the  effect  because  the  group  comprising 
the  remainder  will  contain  individuals  on  their  way  up  to  becoming  excep- 
tionally large.  Therefore,  we  must  either  accept,  as  proof  of  this  correla- 
tion, lower  figures  than  the  true  correlation  because  of  this  dilution,  or,  we 
must  use  some  expedient  to  avoid  the  differential  effects  of  age.  The  size 
variation,  even  in  homogeneous  series  collected  at  a single  season  (at  a 
hibernation  den,  for  example),  is  sufficiently  great  so  that,  at  best,  only 
the  young  of  the  year  and  the  first  year  class  of  adolescents  can  be  segre- 
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gated  from  the  rest  of  the  population.  Often  even  the  one-year-old 
adolescents  cannot  be  segregated,  owing  to  overlapping  with  the  lagging 
young  adults.'*^  And  in  the  adult  stage  the  individual  variation  in  size, 
compared  to  the  average  annual  growth,  is  so  great  as  to  obliterate  com- 
pletely any  differences  between  the  several  yearly  groups  comprising  the 
total  adult  population.^" 

The  investigation  which  I have  in  mind  is  not  to  be  confused  with  that 
which  is  concerned  with  the  question  of  the  elimination  of  defective 
juveniles  or  aberrants  from  a population — that  is,  whether  there  is  a differ- 
ence between  the  means  (or  standard  deviations)  of  juvenile  and  adult 
populations  through  differential  selection.  That  is  a separate  problem 
which  has  lately  received  attention  from  several  authors.*’’^  The  present 
study  contemplates  only  the  question  whether  the  largest  snakes  in  a 
single  age-class  have  higher  or  lower  ventral  scale  counts  than  others  in 
the  same  class. 

I have  repeatedly  stressed,  to  the  point  of  boredom,  the  necessity  of 
avoiding  geographical  or  ecological  heterogeneity  in  studies  such  as  this, 
yet  I cannot  but  mention  it  again  in  the  present  situation.  Generic,  specific, 
and  racial  correlations  between  size  and  ventral  scales  are  already  too  well 
known  to  require  any  further  proof,  although  the  equations  of  these 
relationships  may  merit  further  study.  But  in  the  present  problem  we  are 
interested  only  in  the  question  of  the  existence  of  such  a concomitant 
variation  within  a homogeneous  population,  and  I cannot  but  caution  once 
more  against  using  a sample  so  diverse  in  origin  as  to  involve  the  beginning 
of  racial  differentiation. 

In  fact,  the  present  study  has  disclosed  several  instances  wherein  marked 
variations  exist  in  the  average  and  maximum  sizes  of  snakes  from  localities 
quite  closely  contiguous.  For  example,  Diadophis  amabilis  similis  was  found 
to  reach  a larger  size  in  the  foothill  and  mountain  areas  in  San  Diego 
County  than  around  San  Diego  Bay.  Greater  rainfall  and  the  denser  inland 
vegetation  evidently  are  more  favorable  conditions  for  this  subspecies. 
This  is  rather  to  be  expected  since  the  species,  in  its  general  range  along 
the  Pacific  Coast,  prefers  moist  areas  and  is  not  found  in  the  desert.  This 


See  fig.  4,  p.  20,  Occ_  P.\pers  San  Diego  Soc.  Nat.  Hist.,  No.  3,  1937.  Mr.  Arnold 
Grobman,  who  suggested  the  existence  of  this  type  of  correlation  in  correspondence  in 
1941,  informs  me  that  the  segregation  of  one-year  adolescents  was  found  possible  in  a 
winter-den  series  of  Opheodrys  vernalis. 

Op.  cit.  p.  3 1 . 

Klauber,  L.  M.,  Trans.  San  Diego  Soc.  Nat.  Hist.,  Vol.  8,  No.  20,  p.  197,  1936; 
Bull.  Zool.  Soc.  San  Diego,  No.  15,  p.  18;  Stuart,  L.  C.,  Misc.  Pubs.  Univ.  Mich.,  No.  49, 
p.  18,  1941;  Dunn,  E.  R.,  Am.  Nat.,  Vol.  76,  No  762,  p.  104,  1942;  Inger,  Robert,  Am. 
Nat.  Vol.  76,  p.  527,  1942;  Vol.  77,  p.  87,  1943. 
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correlation  between  size  and  rainfall  is  not  universal  in  the  genus,  however, 
since  the  largest  species,  Diadophis  regalis  laefus,  is  found  in  a relatively 
arid  area. 

Similarly,  in  San  Diego  County,  Pbyllorhynchus  deciirtafus  perkinsi 
reaches  a maximum  size  in  the  vicinity  of  Benson’s  Dry  Lake,  and  other 
areas  at  about  the  same  distance  from  the  foot  of  the  mountains,  decreasing 
both  westward  toward  the  mountains,  or  eastward  out  into  the  desert.  But 
Sonora  occipitalis  annnlafa  finds  its  optimum  condition  (if  size  be  con- 
sidered the  criterion)  somewhat  further  out  in  the  desert,  the  largest 
specimens  occurring  in  the  unmodified  desert  areas  surrounding  the 
Imperial  Valley.  These  observations  prove  again  the  necessity  of  reducing 
samples  to  rather  narrow  territorial  limits,  if  true  homogeneity  is  to  be 
attained. 

Another  difficulty  in  this  problem  is  that  of  obtaining  fully  representa- 
tive samples  of  wild  populations.  This  generally  restricts  the  investigation 
to  the  smaller  species,  since  the  biggest  specimens  of  the  larger  species  are 
often  not  preserved  because  of  their  bulk,  and  thus  the  available  specimens 
do  not  comprise  a complete  and  unbiased  sample  of  the  population. 

There  is  one  kind  of  series  which  satisfies  all  conditions  of  homogeneity 
with  respect  to  both  age  and  localit}^ — namely,  broods.  The  same  broods 
in  which  the  tail  length  to  subcaudal  scale  counts  correlations  were  tested, 
were  checked  for  the  correlation  between  body  length  and  ventrals,  with 
the  results  set  forth  in  Table  45.  All  correlations  are  found  to  be  below 
the  level  of  significance.  The  combined  correlations  are  likewise  without 
significance:  males,  0.173,  P=  0.152;  females,  r=  0.044,  P = 0.72. 
Therefore  it  appears  that  snakes,  at  least  as  represented  by  these  broods, 
start  life  without  any  evidence  in  their  body  characteristics  of  the  kind  of 
size  to  scale-count  correlation  found  in  the  tails. 

There  is  one  other  way  in  which  these  pairs  of  characters  differ:  sub- 
caudals  and  tail  lengths  have  somewhat  the  same  coefficients  of  variation, 
but  body  lengths  in  broods  are  more  variable  than  ventral  scale  counts, 
the  latter  being  among  the  most  consistent  of  herpetological  characters. 
Example  data  are  given  in  Table  48.  It  will  be  noted  that  the  average 
variability  in  the  body  length  is  two  or  three  times  that  of  the  ventrals, 
while  tail  length  variability  is  less  than  40  per  cent  above  that  of  the 
subcaudals. 

The  same  table  indicates  that  the  variability  in  the  scale  counts  in  broods 
is  usually  lower  than  in  other  series.  In  most  series  of  snakes,  even  when 
territorially  homogeneous,  the  coefficient  of  variation  of  the  ventrals 
averages  about  2 per  cent,  and  the  subcaudals  usually  run  5 per  cent  or 


more. 
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TABLE  47 

Correlation  between  Body  Lengths  and 
Ventral  Scale  Counts  in  Snake  Broods 


Males  Females 


Species 

Locality 

N 

r 

N 

r 

Elapbe  laeta 

Texas 

7 

-0.098 

9 

0.577 

Matrix  s.  sipedoiv'‘' 

Windham,  N.  H. 

18 

0.113 

16 

-0.205 

Tharnnophis  s.  sirtalis'' 

Warren,  N.  H 

10 

0.150 

8 

0.256 

Thamnophis  hammondii 

San  Diego  County 

14 

0.352 

13 

0.048 

Tharnnophis  hammondii 

San  Diego  County 

9 

0.084 

10 

0.067 

Thamnophis  hammondii 

San  Diego  County 

12 

0.050 

20 

-0.123 

Crotalus  basil iscus  

Sinaloa 

10 

0.174 

14 

0.148 

Crotalus  basiliscus  

...Colima 

14 

0.324 

Too 

few 

No  correlations  are  significant. 

'■■■  Measurements  from  Oliver  and  Bailey. 


It  is  known,  both  from  studies  of  captive  broods  and  of  series  of  young 
of  the  year  collected  at  the  time  of  hibernation,  that  variability  of  growth 
is  considerable  during  the  first  months  of  life.  Specimens  which  are  suc- 
cessful in  securing  food  grow  rapidly,  while  others  remain  virtually  static. 
Therefore,  it  is  possible,  even  assuming  no  correlation  between  body  length 
and  ventrals  at  birth,  that  such  a correlation  might  exist  in  young  of  the 
year  sometime  after  birth.  Two  series  were  tested:  The  San  Patricio  series 
of  C.  cinereous,  and  a series  of  Platteville  juvenile  C.  v.  viridis  collected  in 
the  autumn  of  1931.  The  results,  which  are  quite  conflicting,  follow: 


San  Patricio  cinereous 
Platteville  viridis  .... 


Males 

N ~r  P 

76  0.392  0.0005 

66  -0.297  0.016 


Females 
N "r 

63  0.296  0.019 

58  -0.076  0.57 


It  will  be  observed  that  there  is  positive  correlation  in  cinereous  and 
negative  in  viridis,  although  in  the  females  of  the  latter  it  is  not  significant. 

Series  of  snakes  of  approximately  uniform  ages  may  be  secured  at  hiber- 
nating time  in  areas  subject  to  such  climatic  conditions  that  the  snakes 
resort  to  dens  for  the  winter,  provided  it  is  possible  to  segregate  the  several 
age-classes.  In  the  case  of  the  rattlers  this  can  be  done  with  moderate 
accuracy  by  restricting  the  selection  to  snakes  with  some  particular  num- 
ber of  rattles,  and  excluding  those  with  incomplete  strings.  For  example, 
in  eastern  Colorado,  in  the  autumn  when  the  snakes  are  gathering  at  the 
dens,  snakes  with  5 rattles  exceed  those  with  6 or  4,  thus  indicating  that 
5 is  the  mode  for  the  group  of  snakes  aged  about  14  months,  which  are 
entering  their  second  winter.  Certainly  none  of  these  is  two  months  old, 
and  it  is  very  doubtful  if  any  is  26  months. 


Klauber:  Herpetological  Correlations 


87 


_c 

(N 

oo 

r-—< 

CvJ 

Cos 

On 

<N 

';3  ^ 

« c 

VO 

(N 

ON 

OO 

ON 

t- ' o 
hJ 

NO 

r4 

CON 

CON 

OJ 

tri 

Mh 

1 rt 

ON 

OO 

rN 

OO 

Tt* 

<N 

NO 

W5 

1> 

c 

Sub 

caud 

t\ 

ON 

(N 

(N 

(Nl 

rsi 

VO 

8 

H 

VO 

c 

o 

O 

o 

r^\ 

CON 

o 

NO 

NO 

O 

o 

f— • 

00 

r-H 

o c 

• 

• 

• 

• 

CQ  <L> 

-1 

rO 

<V 

M-( 

■ jc 

Con 

OO 

o 

t\ 

r^j 

Cos 

o 

o 

tG 

tu  « 

r— H 

OO 

(N 

t\ 

ON 

NO 

> W 

(N 

T-1 

ri 

O 

H 

r-^ 

oc 

3 

< 

H 


o 

p 


c 

_o 

’-t-j 


C 

a> 

u 

!-i 

<u 


CJ 

OJ 

O 

U 


w 

roj 

On 

1-H 

OO 

VO 

OO 

t— 1 

6C 

C 

rOi 

r\ 

(N 

Cos 

NO 

CON 

o 

hJ 

r\ 

NO 

NO 

Con 

Cos 

vs 

n 

Cos 

OO 

1— ( 

O 

oo 

OO 

K 

oo 

VO 

r\ 

rO 

CON 

oo 

NO 

ro 

Con 

3 

• 

• 

• 

• 

• 

• 

• 

• 

03 

CJ 

04 

rg 

Con 

* U 

_c 

NO 

On 

t-h 

ro% 

(-4 

o 

ON 

ON 

rt 

> 

-o  tc 
o c 

OO 

IG 

NO 

tG 

o 

NO 

tG 

Cos 

~o 

P3  ^ 

T— < 

NO 

Con 

M-i 

CL> 

c/5 

c 

C/5 

CJ 

00 

1 vs 

NO 

OO 

o 

ON 

o 

w 

CG 

^ rr! 

o 

ON 

(N 

(N 

c 

<u 

X 

LJ 

> t 

S-H 

1—^ 

<N 

O 

r— C 

rs 

U 

o 

1-1 


n: 

s' 


p: 


W ■!->  ■!-> 

P Cl  c 

C C 3 

o o o 

U U U 

o o o 

bJO  tuo  tuo 


rt  C 

<L> 

'T3  G 

CJ 
• ^ 

Q 

QJ 

Q 

u 

Q ^ 

rt 

£ 

• S ^ 

3 

3 

Q 

cs 

rt 

c/:> 

.t: 
CO  CO 

u 

• 

• **«.* 

••Ni 
• *>4 

Co 

* 

s: 

O 

o 

o 

CN* 

V 


Co 


O 

O 

a 

uo 


* *>» 

. ^ 

H.^ 

co 

• 

-Cn, 

-CG 

CX5 

C5 

O 

Cu 

<< 

S 

S 

• 

g 

-Q 

-Q 

*23 

Co  ^ 

• • *>, 


G 


<3 

-Pi 


O 

o 


G 

CO 


Co 


o 

O 


c 

n 

<u 

£ 

"-o 

a> 

•M 

’S 

c 


w " 

H C 
O w 

Z S 


Calculations  of  standard  deviations  have  been  corrected  to  optimum  population 
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I have  therefore  surveyed  the  rattlers  of  the  Platteville  series  which  were 
collected  around  the  dens  in  autumn,  taking  only  those  with  complete 
strings  of  5 rattles,  and  have  calculated  the  correlations  between  body 
length  and  ventral  scutes,  with  the  following  results; 

Males  Females 

~iv  r V ~N  r P~ 

44  -0.01  1 0.94  5 1 0.157  0.28 

No  significant  correlation  is  indicated  and  we  may  assume  that,  if  any 
really  exists,  it  is  masked  by  individual  variations  at  this  time  of  the  life 
cycle,  which  represents  a period  of  rapid  growth. 

One  obvious  method  of  testing  whether  the  largest  snakes  in  any  series 
have  higher  than  average  ventral  counts  is  to  compare  the  means  of  the 
larger  specimens  with  the  general  means,  although  the  general  means  will, 
as  I have  stated,  be  somewhat  affected  by  snakes  on  their  way  up  to  becom- 
ing unusually  large  specimens.  I have  applied  this  method  to  the  Platte- 
ville and  Pierre  series  of  C.  v.  liridis  with  the  following  results; 


Platteville 

Pie 

rre 

Males 

Females 

Males 

Females 

Lower  limit  of  large  specimens,  mm 

860 

790 

940 

860 

Number  of  large  specimens  

26 

26 

34 

50 

Total  specimens  

441 

392 

342 

333 

Mean  ventrals,  large  specimens  

179.885 

185.769 

177.706 

183.840 

Mean  ventrals,  all  specimens  

178.868 

1 8 5.806 

176.775 

184.045 

Difference  between  means  

1.017 

-0.037 

0.931 

-0.205 

Significance  of  difference,  P 

0.097 

0.954 

0.091 

0.675 

These  differences  prove  to  be  below  the  usually  accepted  level  of  signifi- 
cance, although  the  males  approach  that  level.  It  is  therefore  indicated 
that  the  large  males  may  have  a slightly  higher  average  number  of  ventrals 
than  the  rest  of  the  population,  while  no  such  correlation  with  age  is 
evident  among  the  females. 

Possibly  in  this  test  I have  taken  too  large  a proportion  of  the  popula- 
tion in  the  category  of  "large”  specimens.  Some  herpetologists  with  whom 
I have  discussed  this  problem  have  expressed  the  opinion  that  the  correla- 
tion with  size  would  be  evident  only  in  a few  unusually  large  individuals 
— specimens  of  outstanding  size  which  seem  to  occur  in  every  large  series. 
For  such  a study  I shall  take  the  largest  territorially  homogeneous  series 
available  to  me,  although  restricting  the  investigation  to  the  smaller  species 
of  snakes  in  which  the  field  collector  would  be  likely  to  retain  every  avail- 
able specimen,  thus  affording  an  unbiased  sample  of  the  population.  For 
such  purposes  I have  selected  the  five  largest  individuals  of  each  sex  in 
each  series,  and  have  determined  how  many  of  these  possess  more  ventrals 
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than  the  mean  of  the  series.  I think  this  a better  test  than  to  compare 
the  mean  of  the  five  with  the  mean  of  the  series,  as  by  this  method  each 
individual  is  given  separate  recognition.  We  can  then  determine  whether 
the  disposition  of  the  extra-large  specimens,  above  and  below  the  species 
means,®'*  deviates  from  a haphazard  arrangement. 

The  lesults  of  this  study,  which  included  seven  species,  are  presented  in 
Table  49.  It  will  be  observed  that  in  every  instance  more  than  half  of  the 
large  specimens  have  more  ventral  scutes  than  the  mean  of  their  series;  in 
five  cases,  three  out  of  five  individuals  are  above  the  mean;  in  seven  series, 
four  are  above;  and  in  two  series  every  one  of  the  specimens  is  higher  than 
the  group  mean.  Altogether,  5 3 out  of  70  specimens  are  above  the  means 
of  their  respective  series.  The  possibility  of  such  a high  proportion  having 
resulted  from  chance  is  less  than  one  in  ten  thousand.  I am  particularly 
Impressed  with  the  evidence  deduced  from  the  series  of  A.  q.  sargii,  G. 
nasalis,  and  S.  m.  linearis,  all  of  which  were  collected  in  such  restricted 
localities  that  there  is  no  possibility  of  the  correlations  having  resulted  from 
ecological  dines.  The  first  two  were  secured  in  cafetal  debris  within  a 
few  hundred  square  feet;  the  latter  on  an  island  covering  but  a few  acres. 
I therefore  conclude  that  in  these  little  snakes  the  largest  adults  do  tend  to 
have  higher  than  an  average  number  of  ventral  scutes. 

From  these  several  types  of  tests  it  may  be  concluded  that,  in  homogene- 
ous series  of  snakes  of  approximately  the  same  age,  correlation  is  not  gen- 
erally evident  between  size  and  the  number  of  ventral  scales,  but  the  largest 
individuals  do  tend  to  have  an  above-average  number  of  ventrals. 

Changes  of  Scutellation  \xaTH  Age 

The  question  whether  unusually  large  snakes  have  more  ventral  scales 
than  their  fellows  is  in  some  degree  related  to  the  problem  of  possible 
changes  in  either  the  means  or  dispersion  of  scale  characters  with  age. 
Robert  F.  Inger  (1942,  1943)  has  lately  reported  some  studies  of  this 
nature,  particularly  with  respect  to  abnoi'malities  in  juveniles  and  their 
absence  from  older  groups. 

Deformed  and  freakish  juveniles  in  broods  born  in  captivity  and  in 
clutches  of  eggs  hatched  in  the  laboratory  are  quite  common,  but  whether 
exceeding  the  proportion  of  aberrants  occurring  under  natural  conditions, 
J cannot  say.  We  know,  at  least,  that  the  growth  curves  of  snakes  under 
the  artificial  conditions  of  captivity  are  considerably  distorted.  This  can 
be  easily  deduced  from  measurements,  either  of  the  snakes  themselves,  or 
of  the  rattle  strings  of  rattlesnakes.  At  any  rate,  aberrant  individuals 
in  broods  are  frequently  encountered.  Some  are  so  deformed  that  they 
obviously  would  not  survive,  as  for  example,  snakes  without  eyes,  with 
malformed  heads,  or  twisted  bodies.  Often  low  records  for  ventral  or  sub- 


It  would  be  more  accurate  to  use  the  median,  but,  as  the  ventral  distributions  are 
substantially  normal,  we  will  not  err  appreciably  if  the  mean  be  taken  as  the  datum. 


TABLE  49 
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Individuals  with  more  ventrals  than  the  group  mean. 

* It  should  be  emphasized  that  these  are  body  lengths  only,  not  lengths  over-all. 
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caudal  scale  counts  within  a subspecies  are  established  by  these  juveniles. 
Some  quite  freakish  individuals  have  survived  in  captivity;  for  example,  at 
the  San  Diego  Zoo  there  is  a pair  of  adult  Pituophis  c.  aunecfens  with  heads 
so  disproportionately  small  as  to  be  ludicrous.  But  most  of  these  extreme 
defoimities  must  be  lethal,  and  this  comparatively  early  in  life.  Therefore, 
whether  average  differences  between  juveniles  and  adults  are  found  will 
depend  somewhat  on  the  age  at  which  the  young  are  preserved.  If  the 
young  ate  preserved  at  birth,  unquestioned  differences  will  be  evident, 
as  discussed  by  Dunn  and  others,  and  as  Inger  has  proved.  Also,  if  broods 
comprise  a large  part  of  the  juvenile  comparative  material,  they  may  in 
themselves  introduce  group  divergences  inherited  from  their  parents. 

With  the  thought  that  it  would  be  worth-while  to  investigate  possible 
differences  in  scalation  in  different  age  groups,  after  the  lethally  deformed 
have  been  eliminated,  I have  taken  my  two  largest  homogeneous  series  of 
rattlers,  the  Platteville  and  Pierre  series  of  C.  v.  viridis,  both  of  which 
were  collected  at  dens  in  the  fall  or  spring,  and  have  arbitrarily  divided 
them  into  three  groups  by  size:  juveniles,  immatures  (adolescents),  and 
adults.  The  group  dimensional  limitations  were  decided  upon  after  exam- 
inmg  the  distribution  histograms  for  low  points  in  frequency,  which  would 
indicate  year-class  boundaries;  probably  few  individuals  have  been  placed 
in  an  incorrect  category.  Complete  rattle  strings  also  aided  in  reaching 
decisions.  The  limits  of  the  categories,  and  the  number  of  specimens  avail- 
able, are  as  follows: 


Platteville 

Limits  M 

Juveniles  up  to  399  mm.  125 

Immatures  400-649  mm.  114 

Adults  650  mm.  and  up  202 

Totals  441 


Pierre 


F 

Limits 

M 

F 

104 

up  to  419  mm. 

80 

72 

124 

420-699  mm. 

99 

83 

164 

700  mm.  and  up 

163 

176 

392 

342 

331 

Ontogenetic  differences  in  scale  counts  might  be  attributed  either  to 
differential  selection  or  to  actual  changes  in  the  scales  themselves.  I think 
it  IS  usually  assumed  that  no  such  changes  occur  in  the  scales,  as  would 
be  judged  by  the  relationship  of  each  shed  skin  with  its  successor,  although 
I know  of  no  published  statistical  proof  of  this  continuity.  Differential 
selection  might  affect  either  the  mean  count  of  a series  of  scales,  or  the 
dispersion  about  that  mean. 

Tables  50  and  51  show  the  means,  standard  deviations,  and  coefficients 
of  variation  for  each  age  group  of  the  two  series  of  rattlesnakes.  I should 
call  attention  to  the  fact  that  in  these  tables  the  figures  after  the  decimal 
points  are  not  carried  out  as  far  as  they  were  in  the  computations;  to  do 
so  tends  to  make  a visual  study  of  the  results  more  difficult.  This  procedure 
explains  possible  discrepancies  which  might  appear  in  cross-checking.  Also, 
it  is  to  be  remembered  that  there  were  slight  variations  in  iV  (as  compared 
to  the  figures  given  above)  because  of  an  occasional  specimen  in  which. 
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through  injury,  some  character  may  be  indeterminate.  It  is  impossible  to 
tabulate  all  these  details  without  expanding  the  tables  beyond  all  reason. 

All  differences  were  tested  in  pairs  for  significance.  With  respect  to  the 
means,  17  out  of  66  were  found  to  be  significant  at  the  usually  accepted 
5 per  cent  level,  and,  of  these,  9 reach  high  significance  (P  <C  0.01). 
However,  I do  not  consider  such  statistics  of  particular  moment,  since, 
with  these  relatively  large  samples,  small  and  unimportant  differences  may 
prove  statistically  significant.  It  is  more  important  to  consider  the  differ- 
ences quantitatively  and  with  respect  to  consistency  in  trend.  As  far  as 
the  latter  is  concerned,  there  is  no  character  in  which  a uniform  trend  is 
observable  in  both  sexes  and  in  both  series.  By  this  I mean  a consistent 
directional  trend  from  the  juveniles,  through  the  immatures,  to  the  adults, 
or  in  the  reverse  direction.  Thus,  in  the  Platteville  series,  the  means  of 
three  characters  increase  slightly  but  consistently  from  the  adult  to  the 
juvenile  stage;  these  are:  male  ventrals,  female  body  blotches,  and  female 
tail  rings.  Yet  not  one  of  these  trends  is  validated  by  the  Pierre  series,  and 
in  two  instances  they  are  reversed.  The  consistent  trends  in  the  latter  series 
are  toward  higher  means  from  juveniles  to  adults  in  male  ventrals,  and  male 
and  female  tail  rings;  and  in  the  opposite  direction  in  infralabials. 

From  the  standpoint  of  significance,  the  greatest  differences  are  those 
between  the  subcaudals  of  the  males  of  the  Platteville  series  (juveniles  to 
immatures)  and  the  infralabials  of  the  same  pair. 

Quantitatively  the  differences  are  best  measured  and  compared  by  the 
coefficients  of  divergence.  While  differences  up  to  4 per  cent  in  the  pattern 
criteria  are  not  unusual  and  in  one  case  reach  5.67  per  cent  (juveniles  to 
adults  in  the  male  tail  rings  of  the  Pierre  series),  these  are  not  of  great 
importance,  since  the  pattern  characters  are  quite  variable  and  cannot  be 
counted  with  particular  accuracy.  On  'the  other  hand,  few  scale  characters 
exceed  one  per  cent  between  any  pair;  in  fact,  except  for  the  subcaudals, 
the  only  p^r  having  a divergence  exceeding  one  per  cent  is  the  infralabials 
in  the  Platteville  series  (juveniles  to  immatures)  which  is  1.39  per  cent. 
The  subcaudal  differences  reach  3.70  per  cent  in  the  Platteville  series  (male 
juveniles  to  immatures)  and  2.2  5 per  cent  in  the  Pierres  (female  juveniles 
to  immatures).  But  even  here  there  is  no  consistency,  for  in  one  case  the 
juveniles  are  higher,  while  in  the  other  the  contrary  is  true.  I therefore 
conclude  that,  as  far  as  these  two  series  are  concerned,  there  is  no  material 
ontogenetic  change  in  mean  scale  counts,  either  because  of  differential 
selection,  or  an  actual  change  in  the  scales  themselves,  were  any  proof 
of  the  latter  considered  necessary. 

As  to  the  coefficients  of  variation,  the  important  point  is  to  determine 
whether  there  is  a reduction  in  variability  from  juveniles  to  adults  by 
reason  of  the  elimination  of  defective  or  aberrant  juveniles.  In  these  two 
series  of  rattlers,  if  there  were  any  considerable  number  of  freak  youngsters 
at  birth,  they  must  have  been  eliminated  before  the  snakes  gathered  at 
the  dens.  For  in  the  Platteville  series,  only  four  characters  out  of  eleven 
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show  a decrease  in  variability  from  juveniles  to  adults,  while  in  the  Pierre 
group  six  out  of  eleven  show  this  decrease.  And  these  juvenile-to-adult 
differences  only  reach  a significant  level  in  two  out  of  22  cases;  these  are 
female  subcaudals  of  the  Plattevilles,  and  supralabials  in  the  Pierres. 
Furthermore,  in  both  of  these  cases  the  adults  are  more  variable  than  the 
juveniles.  I think  we  may  conclude,  without  question,  that  in  these  two 
series  of  rattlesnakes,  we  have  no  evidence  of  a consistent  decrease  in  vari- 
ability with  age,  in  these  characters  of  scalation  and  pattern.  I re-emphasize 
the  fact  that  these  conclusions  are  based  on  populations  from  which  the 
extreme  defectives  at  birth  have  already  been  eliminated. 
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Summary  and  Conclusions 

1.  Some  uses  of  correlation  studies  are  outlined.  The  present  investigation 
adheres  to  homogeneous  series. 

2.  Methods  of  making  correlation  tests,  and  of  interpreting  results  are 
discussed. 

3.  The  necessity  for  standardizing  character  definitions  and  methods  of 
measurement  to  insure  comparable  statistics  is  pointed  out. 

4.  Examples  are  given  of  the  use  of  the  correlation  coefficient  as  a measure 
of  bilateral  symmetry  in  characters  which  exist  separately  on  the  two 
sides  of  the  body.  Cases  wherein  a variable  can  take  only  one  of  two 
values  are  cited  in  terms  of  the  tetrachoric  correlation  coefficient. 

5.  A number  of  characters  entailing  rather  wide  dispersions  are  investi- 
gated with  respect  to  bilateral  symmetry.  Most  correlations  of  this 
character  are  high.  The  use  of  correlation  tables  as  illustrations  of 
concomitant  variation  are  shown  to  be  preferable  to  the  usual  tabular 
summaries.  Such  correlation  tables  often  increase  accuracy  by  suggest- 
ing a recheck  of  aberrant  specimens;  they  also  aid  in  devising  more 
accurately  restrictive  keys. 

6.  Incomplete  lateral  scale  rows  of  snakes  have  a bilateral  symmetry 
which  increases  with  an  increase  in  the  total  proportion  of  the  snake’s 
body  that  they  occupy. 

7.  By  the  method  of  partial  correlation,  studies  are  made  of  the  horizontal, 
vertical,  and  diagonal  linkage  between  labial  scales.  In  two  series  of 
rattlesnakes,  the  horizontal  correlations  are  found  to  be  significantly 
higher  than  the  vertical  or  diagonal,  between  which  there  is  in  turn 
no  significant  difference.  In  several  colubrids  these  conclusions  are 
confirmed,  except  that  the  vertical  correlation  is  higher  than  the 
diagonal. 

8.  Some  of  the  same  characters  investigated  for  bilateral  symmetry  were 
also  tested  for  net  bilateral  unbalance.  Some  unbalances  are  found, 
amounting  in  one  case  to  a divergence  of  over  6 per  cent. 

9.  A number  of  correlations  between  different  series  of  scales  are  com- 
puted both  in  rattlers  and  other  snakes.  Where  sexual  dimorphism  is 
evident  in  a character,  it  is  essential  to  treat  the  sexes  separately. 

10.  There  is  no  indication  of  correlation  between  scale  rows  and  ventrals 
in  rattlesnakes.  Correlation  is  occasionally  present  between  ventrals 
and  subcaudals,  especially  in  the  males.  Significant  correlations  are 
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often  found  between  different  series  of  head  scales,  particularly  in 
contiguous  pairs.  Correlation  is  evident  between  dorsal  scale  rows  and 
labials,  but  not  between  ventrals  and  labials. 

11.  Colubnds  offer  less  fruitful  fields  than  rattlesnakes  for  testing  correla- 
tions, as  they  have  fewer  variable  scale  series. 

12.  There  is  usually  no  correlation  between  ventrals  and  subcaudals  in 
most  colubnds  and  other  non-rattlers.  This  applies  to  homogeneous 
series;  examples  are  presented  showing  how  a fictitious  correlation 
results  in  a series  which  is  heterogeneous  with  respect  to  sex,  locality, 
or  species  (through  misidentification) . 

13.  One  boid  and  two  colubrid  species  are  selected,  because  of  character 
variability,  for  study  of  paired  scale  series.  A correlation  between  scale 
rows  and  labials  is  again  in  evidence.  Some  other  correlations  are  dis- 
closed, particularly  between  pairs  of  head  scales. 

14.  The  number  of  dorsal  scale  rows  at  different  parts  of  the  body  are 
correlated  in  P/fiiophis. 

15.  A few  example  lizard  scale  correlations  are  derived. 

1 6.  Studies  of  pattern  correlations  in  snakes  are  made.  There  is  a fairly 
high  correlation  between  body  blotches  and  tail  spots.  Correlation 
between  ventral  scales  and  body  blotches  is  rare,  but  between  sub- 
caudal  scales  and  tail  spots  or  rings  is  frequent. 

17.  It  is  pointed  out  that  the  correlation  coefficient  is  not  a particularly 
good  criterion  for  the  study  of  morphological  correlations,  which  are 
sure  to  be  high  because  of  the  mutual  effects  of  growth.  However, 
a number  of  examples  are  given  for  both  reptiles  and  amphibians. 
Such  relationships  are  better  studied  by  determining  the  character  of 
the  regression  line  and  the  dispersion  about  that  line.  An  example 
study  of  sexual  dimorphism  is  given. 

18.  The  method  of  partial  correlation  may  be  employed  to  ascertain  the 
true  net  correlation  between  a pair  of  characters  if  both  are  sub- 
sidiary to  a third.  A set  of  examples,  based  on  head  dimensions  in  a 
series  of  garter  snakes,  is  given. 

19.  A few  correlations  in  body  products  (young  and  venom)  are  cited. 

20.  A variety  of  correlations  involving  the  rattles  of  rattlesnakes  are 
worked  out. 

21.  A moderate  correlation  is  the  rule  between  proportionate  tail  length 
and  the  number  of  subcaudal  scales  of  snakes. 

22.  Correlation  between  body  length  and  ventral  scales  can  only  be 
determined  for  groups  of  uniform  age.  Such  a correlation  seems  absent 
in  broods.  However,  in  homogeneous  series  of  snakes  the  largest 
individuals  are  likely  to  have  more  than  an  average  number  of  ventrals. 
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23.  Two  large  series  of  rattlesnakes,  collected  at  hibernating  dens,  are 
divided  into  three  age  classes:  juveniles,  immatures,  and  adults.  Studies 
of  group  means  and  coefficients  of  variation  indicate  no  definite  trends 
in  either  scale  characters  or  blotches.  Thus,  aberrant  juveniles,  which 
might  be  expected  to  cause  high  dispersions,  have  already  been  elimi- 
nated at  the  time  of  entering  hibernation. 


S. 
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